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ABSTRACT 

Here we present an investigation of the properties of 16 nearby galaxy groups and 
their constituent galaxies. The groups are selected from the Group Evolution Multi- 
wavelength Study (GEMS) and all have X-ray as well as wide-field neutral hydro- 
gen (HI) observations. Group membership is determined using a friends-of-friends 
algorithm on the positions and velocities from the 6-degree Field Galaxy Survey 
(6dFGS) and NASA/IPAC Extra-galactic Database (NED). For each group we de- 
' rive their physical properties using this membership, including: velocity dispersions 

^vq , ((7v), virial masses (My), total K-band luminosities (LxiTot)) and early-type frac- 

■ tions (f early) and present these data for the individual groups. We find that the GEMS 

X-ray luminosity is proportional to the group velocity dispersions and virial masses: 
'. L x (r 50 o) (x (j3.iiio.59 and L x {r^o) oc My 13±a27 , consistent with the predictions of 

self-similarity between group and clusters. We also find that My oc Lk (Tot) 2 - 0±0 - 9 , 
^ r~ | i.e. mass grows faster than light and that the fraction of early-type galaxies in the 

O ^ groups is correlated with the group X-ray luminosities and velocity dispersions. We 

examine the brightest group galaxies (BGGs), finding that, while the luminosity of 
the BGG correlates with its total group luminosity, the fraction of group luminosity 
contained in the BGG decreases with increasing total group luminosity. This suggests 
| that BGGs grow by mergers at early times in group evolution while the group con- 

tinues to grow by accreting infalling galaxies. We form a composite galaxy group in 
order to examine the properties of the constituent galaxies and compare their prop- 
erties with those of field galaxies. There are clear radial trends, with group galaxies 
jjj ■ becoming fainter, bluer and morphologically later types with increasing radius from 

the group centre, reaching field levels at radii > r5oo(> 0.7r2oo)- We divide the com- 
posite group by group X-ray luminosity and find that galaxies in high X-ray luminosity 
groups (logioLx(^50o) ^ 41.7 erg s _1 ) are redder with a higher giant-to-dwarf ratio 
and are more likely to be early-type galaxies than are those galaxies in low X-ray lu- 
minosity groups. We conclude that harrassment and ram pressure stripping processes 
are unlikely to cause these differences. The differences are more likely to be due to 
galaxy-galaxy mergers and possibly some further mechanism such as strangulation. If 
mergers are the dominant mechanism then the properties of galaxies in the higher X- 
ray luminosity groups are a result of mergers at earlier epochs in smaller mass groups 
that have since merged to become the structures we observe today, while lower X-ray 
luminosity groups are still undergoing mergers today. 

Key words: Surveys - galaxies: evolution - galaxies: formation - galaxies: funda- 
mental parameters 
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1 INTRODUCTION 

It has been known for many years that galaxies in denser 
environment s are in general redder and brighter (e.g . 
iFabeil 1 19731: lOemlerl 11974 | Visvanathan fc Sandaed Il977t 
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Butc her fe OemleJlT98ll and are more likely to be early- 
type galaxies showing little signs of recent star formatio n 
than those in less dense environments (e.g. lDressledll98oll . 
Recent galaxy surveys have shown that the density at which 
the observed properties of galaxies change from those of the 
field to those of mo re dense environm ents is ~ 2 — 3 virial 
radii in clusters (e.g. lLewis et al.ll2002T) . and that the galaxy 
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density at these radii is equivalent to that o f the density in 
poor galaxy groups (e.g. iGomez et ai]l2003h . 

The proposed mechanisms to transform the proper- 
ties of galaxies are, therefore, environmentally dependent. 
The processes acting on galaxies in the group environ- 
ment are different to those acting in the cluster environ- 
ment: Ram pres sure stripping (e. g. iGu nn fc G ottl ll9T2t 
iQuilis et al.ll200oh and harassment lMoor^^t^rt"[^)96r) are 
more likely to be dominant in the dense, but rare, envi- 
ronments of clusters. However, mergers and strangulation 
are more likely in the group environment, where the ve- 
locity dispersion of the group is similar to that of its con- 
stituent galaxies iBarnesl ll985l : IZabludoff fc Mulchaevlll998t 
Hash imoto fc OemleJ2000l) and galaxies are predicted to be 
falling into a dense environment from the field for the first 
time. 

Due to the small numbers of galaxies in an individ- 
ual group and their wide spatial distribution compared to a 
cluster, groups are a relatively understudied environment. 
However, galaxy groups are significantly more abundant 
than galaxy clusters and most galaxies in the local Universe 
are found in grou p, rather than cluster, environments (e.g. 
Eke et al . 2004a). Considering the importance of this en- 
vironment it is vital that this is remedied. It is therefore 
important to study the properties of groups and their con- 
stituent galaxies. Multi- wavelength observations are vital to 
determine which evolutionary processes are dominant in this 
environment. While optical spectra and near-infrared imag- 
ing provide dynamical information on the groups and mor- 
phologies of individual galaxies, X-ray observations provide 
information on the mass and dynamical state of the group 
and neutral hydrogen (HI) observations show us regions of 
potential star formation, and provide direct evidence of in- 
teractions through tidal material. 

2 GROUP SAMPLE 

The Group Evolution Multiwavelength Stu dy (GEMS; 
lOsmond fc Ponmanl 120041 : iForbes et al] l200rJl is an on- 
going study of 60 groups with a range of optical and 
X-ray properties. The grou p selec tion is described in de- 
tail in lOsmond fc Ponmanl ]2004h . In addition to calcu- 
lating the X-ray luminosity of each group, which is pro- 
portio nal to the gas dens i ty in the potential and hence 
mass, lOsmond fc Ponmanl ]2004h also determine whether 
the groups have intra-group X-ray emission, X-ray emis- 
sion solely from a galaxy halo or, if the X-ray flux was 
< 3<7 above the background level, defined the group as unde- 
tected. Wide-field neutral hydrogen (HI) observations of 16 
GEMS groups in the Southern hemisphere were made with 
the Parkes radiotelescope (Kilb orn et al. in preparation). 

lOsmond fc Pon man (2004J) defined the optical proper- 
ties of the GEMS groups within a radius corresponding 
to an overdensity of 500 times the critical density - rsoo- 
Galaxies were obtained from the NASA/IPAC Extragalac- 
tic Database (NED) within rsoo - The optical data were used 
to calculate the mean velocity, v, and velocity dispersion, 
a v , of the groups and the updated values were used to re- 
fine the search criteria. The selection and recalculation were 
repeated until the values of v and a v were stable. The dy- 
namical properties of the groups were then calculated for the 



galaxies within rsoo- In some cases there was only 1 galaxy 
member within rsoo preventing a measurement of dynamical 
properties. 

Here we re-analyse the optical properties of the 16 
groups with HI observatio ns using a 'friends-of-fr iends' per- 
colation algorithm (FOF; iHuchra fc Gerleilll982ft to deter- 
mine group membership. We then compare the groups' opti- 
cal properties with their X-ray properties. The HI properties 
of these groups will be analysed in Kilborn et al. (in prepa- 
ration). 

Unlike lOsmond fc Ponmanl (|2004) where galaxies are 
defined as group members if they are within a specific ra- 
dius and velocity range of each centroid, FOF determines 
which galaxies are associated with one another in position 
and velocity space and does not rely on any a priori assump- 
tion about the geometrical shape of groups. We use th e 6- 
degree Field Galaxy Survey (6dFGS; I Jones et al]l2004ft to 
obtain galaxy velocities for this sample of 16 groups and 
emphasize that every galaxy in our analysis has measured 
recession velocities, freeing our statistical analyses from pro- 
jection effects and providing a significant advantage over 
some previous stu dies. We examine th e Two-micron All Sky 
Survey (2MASS: Ijarrett et alJlSoOch near-infrared magni- 
tudes and colours of the constituent galaxies. These mag- 
nitudes provide an advantage over t he B-band magnitudes 
used bv lOsmond fc Ponmanl i2004l) as the light from the 
near- infrared is more closely related to galaxy mass. We also 
stack galaxies in the groups to create a composite group with 
galaxy numbers comparable to those in a cluster, in order 
to better understand the properties of the groups. 

The dynamical properties of two of these groups, 
NGC 1332 and NGC 1407 were discussed in iBrough et ail 
(2006). Those results are updated and the remaining 14 
groups presented and discussed in this paper. The group 
properties and X-ray attr ibutes of the groups derived by 
lOsmond fc Ponmanl J2004I) are given in Table - G indi- 
cates groups with intra-group X-ray emission (i.e. X-ray ex- 
tent > 60 kpc), H indicates groups with only galaxy-halo 
emission (i.e. emission ^ 60 kpc) and U indicates that the 
X-ray flux from that region was < 3<r above the background 
level and the group is therefore undetected in X-rays. Eight 
of the groups in this sample show X-ray emission, 6 show 
solely galaxy-halo emission and 2 are undetected in X-rays. 
The NGC 3783, NGC 7144 and NGC 7714 groups had less 
than 4 members within rsoo in |Osmond & Ponman <l2004h 
and do not appear in their final statistical analysis. 

The outline of the paper is as follows: We introduce our 
data in Section [3] and in Section [I] we discuss our method 
of determining group membership using these data. The dy- 
namical properties of the groups based on that membership 
are presented in Section|^|and the properties of the individ- 
ual groups are discussed in Section [S] The relations between 
the X-ray and dynamical properties of the groups are pre- 
sented in Section|H|and the properties of the brightest group 
galaxies in Section [5] Our analysis of the galaxies in each 
group stacked to create a composite group is presented in 
Section lTUl and we draw our conclusions in Section ITT1 As in 
previous GEMS papers we assume Ho — 70 km s _1 Mpc -1 . 
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Table 1. Group properties defined by Osmond & Ponman (2004) using the distances calculated in that paper. Dashes indicate where 
information is not available. 



Group Name 


N 


V 




^500 


logioLx (»"50o) 


Tx 


X-ray emission 






(km s _1 ) 


(km s _1 ) 


(Mpc) 


(erg s" 1 ) 


(keV) 




NGC 524 


10 


2470±55 


175±42 


0.45 


41. 33±0. 05 


0.65±0.07 


H 


NGC 720 


4 


1640±136 


273±122 


0.40 


41.43±0.02 


0.52±0.03 


G 


NGC 1052 


5 


1366±41 


91±35 


0.36 


40.53±0.15 


0.41±0.15 


H 


NGC 1332 


10 


1489±59 


186±45 


0.42 


40.93±0.02 


0.56±0.03 


11 


NGC 1407 


20 


1682±71 


319±52 


0.57 


41.92±0.02 


1.02±0.04 


G 


NGC 1566 


9 


1402±61 


184±47 


0.47 


40.85±0.05 


0.70±0.11 


H 


NGC 1808 


4 


1071±52 


104±47 


0.32 


< 40.59 




U 


NGC 3557 


14 


2858±80 


300±60 


0.27 


42.11±0.04 


0.24±0.02 


G 


NGC 3783 


1 


2917 




0.25 


40.94±0.11 




G 


NGC 3923 


8 


1764±85 


239±66 


0.40 


41.07±0.02 


0.52±0.03 


11 


NGC 4636 


9 


936±95 


284±73 


0.51 


41.71±0.02 


0.84±0.02 


G 


NGC 5044 


18 


2518±100 


426±74 


0.62 


43.09±0.01 


1.21±0.02 


G 


NGC 7144 


2 


1912 ±29 


41±41 


0.38 


40.71±0.13 




11 


HCG 90 


15 


2559±34 


131±25 


0.38 


41.79±0.05 


0.46±0.07 


G 


IC 1459 


8 


1835±79 


223±62 


0.35 


41.46±0.04 


0.39±0.04 


G 


NGC 7714 


2 


2784±20 


28±28 


0.22 


< 40.48 




U 



The columns indicate (1) Group name, (2) Number of group members within rsoo, (3) Mean velocity of group and la error, (4) 
Velocity dispersion and la error, (5) rsoo radius, (6) ROSAT PSPC X-ray luminosity extrapolated to the rsoo radius and la error, (7) 
ROSAT PSPC X-ray temperature and la error, (8) indicates whether the X-ray emission is from intra-group gas (G), a galaxy halo 
(H) or is < 3a background (U). 
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The 6dFGS is a wide-area (the entire southern sky with 
\b\ > 10°), primarily ZG-band selected galaxy redshift sur- 
vey. The catalogue provides positions, recession velocities, 
and spectra for the galaxies, along with total if s -band mag- 
nitud es adapted from the 2MASS catalogue llJones et alJ 
12004) . 

The second data release of the 6dFGS (DR2; 
iJones et al.ll2005l) contains 71,627 unique galaxies. We ob- 
tained data for 13 of the 16 groups from this catalogue for 
a square o f ~ 5.5° x 5.5° aroun d the p osition of each group 
defined bv lOsmond fc Ponmanl (120041) . This area is chosen 
to match the HI observations. However, we extended the 
search regions around the NGC 1332, NGC 1407 and NGC 
4636 groups. NGC 1332 and NGC 1407 occupy the same re- 
gion of sky and a circle of radius 15° was examined around 
these galaxies in lBroueh et al.l (|2006j). NGC 4636 lies south 
of the Virgo cluster centre and it was necessary to extend 
the study to 15° x 15° to determine a boundary with the 
Virgo cluster. In all the datasets we limited the data to re- 
cession velocities 500 < v < 5000 km s _1 , with the ex- 
ception of NGC 1332 and NGC 1407 which are limited to 
v < 2500km s . The lower limit was chosen to avoid Galac- 
tic confusion. The search regions and numbers of galaxies 
found are summarised in Table [5] The 6dFGS database also 
provides 2MASS 7\" 3 -band magnitudes where available. We 
have used the 2MASS K 3 magnitudes within the 20th mag- 
nitude isophote (henceforth denoted as K). As 2MASS is 
> 99 per cent complete to uik ~ 13.1 llJarrett et al.l 2000) 
we assume that those galaxies without K magnitudes are 
fainter than the 2MASS magnitude limit. 



3.1 NED 

We have 3 groups in the Northern sky for which 6dFGS data 
is not available (NGC 524, NGC 4636 and NGC 7714). The 
6dFGS is also not yet complete. We therefore supplemented 
the 6dFGS data with sources with known recession velocities 
from the NASA/IPAC Extragalactic Database (NED) in the 
same position and velocity range. This added an extra 1220 
unique galaxies, also detailed in Tabled The total number 
of galaxes from NED and 6dFGS is 1735. 

NED is a hetero geneous data resource. We illustrated in 
iBrough et all 1 2006) that using NED our sample is complete 
in photometry and velocity to a minimum of K ^ 11 mag, 
and that including data fainter than this has little effect, 
within the errors, on the results we obtain. 

3.2 HI 

Kilborn et al. (in preparation) details new galaxies found in 
the Parkes HI maps of these 16 groups and also the veloci- 
ties found for previously catalogued galaxies without known 
velocities. We use these new data in our dynamical analysis 
and the numbers for each region are summarised in Table |5] 
These galaxies are all fainte r than the 2MASS apparent- 
magnitude limit (rriK ~ 13.1: IJarrett et ai1l2000l) . 

3.3 Magnitudes 

To avoid the effects of peculiar velocities which are sig- 
nificant at recession velocities less than 2000 km s _1 
llMarinoni et al.ll998l) we use independent distances in order 
to calculate the absolute magnitudes. The distances are pri- 
marily from the distance moduli (DM) from surface bright- 
ness fluctuation st udies bvlTonrv et al] (1200 ll) , corrected fol- 
lowing the work of ljensenet™ alT|200^) . indicated by 'TJ' in 
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Table H The distance modulus to the NGC 1332 and NGC 
1407 groups is calculated from the NGC 1407 galaxy glob- 
ular cluster luminosity function of lForbes et alJ (|200ri ). de- 
noted by 'F' in Table |5] Distances for the rema ining groups 
were calculated by lOsmond fc Ponmanl i2004T) from their 
mean group velocities after correcting for the infall into 
Virgo and the Great Attractor, denoted 'O' in Tabled Ab- 
solute magnitudes are calculated as M — m — DM — A. 
Galactic Extinction (A) is c alculated using the extinction 
maps of ISchleeel et alJ \ 19981) and is of the order Ak ~ 0.01 
mag and Ab ~ 0.09 mag. 



4 GROUP MEMBERSHIP 

In order to study the dynamics of these groups it is impor- 
tant to determine which galaxies are associated with each 
other in each field. We used the FOF percolation algorithm 
which finds group structures in galaxy data based on po- 
sitional and velocity information and does not rely on any 
a priori assumption about the geometrical shape of groups. 
As we are examining a small range in recession veloci t ies we 
do not adopt the method used bv iHuchra fc Gelled dl982l) 
to compensate for the sampling of the galaxy luminosity 
function as a function of the distance of the group. 

Owing to the similarity in sampling between the 2dF- 
GRS and 6dFGS at these recession velocities we follow the 
prescriptions o f the 2dFGRS P ercolation-Inferred Galaxy 
Group (2PIGG: lEke et all2004ah catalogue to determine the 
most appropriate value of limiting density contrast, Sp/p, 



5p 
P 



3 n3 



(f>(M)dM 



(1) 



The number density contour surrounding each group rep- 
resents a fixed number density enhancement relative to the 
mean number density. We as sume the differen t ial ga laxy lu- 
minosity funct i on de fined bv iKochanek et all l)200 ll) . which 
iRamella et alJ ll2004l) determine to be a good approximation 
for the 7f-band groups luminosity function (M* = —22.6, 
a = -1.09 and 0* = 0.004 for Ho = 70 km s _1 Mpc -1 ). 
The 2PIGG limiting density contrast Sp/p = 150 then gives 
Do = 0.29 Mpc. We also follow 2PIGG to calculate our ve- 
locity limit, Vo- The peculiar motion of galaxies moving in 
a gravitational potential lengthens the group along the line- 
of-sight in velocity space - giving the 'Finger of God' effect. 
If we assume that the projected spatial (-Do) and the line- 
of-sight di mensions of a grou p in velocity space (Vo) are in 
proportion, lEke et alJ 11200 4a ) show that a ratio of 12 for Vo 
relative to Do is the most appropriate for a linking volume, 
giving Vo = 347 km s _1 here. 

The FOF algorithm was run over the whole sample of 
galaxies in each region. We remove all groups with N ^ 3 
galaxies as these have been shown by many surveys to be 
significantly more li kely to be false posit i ves found by the 
FOF algorithm (e.g. IRamella et al.lll995t iNolthenius et alJ 
ll997l:lDiaferio et aljll999ft . 

Groups corresponding to the posit ions and velocities 
presented in lOsmond fc Ponmanl (|2004J) were found in 15 
out of the 16 groups. In contrast, no group with > 3 mem- 
bers was found in the NGC 7144 field. This group was ini- 
tially determined to consist of three galaxies (NGC 7155, 
NGC 7144 and NGC 7145) bv lHuchra fc Gelled <1982UTu11vI 



1987) used a hierarchical group finding technique and found 
a group consisting of the same 3 ga laxies in his Nearby 
Galaxies Catalogue. M aia et al] l| l989l) a nalysed the South- 
ern Sky Redshift Survey (SSRS. Ida Costa et alll98gh with a 
FOF analysis and added a new group member (NGC 7151). 
iGarcial il993l) examined the LEDA database using both 
FOF and hierarchical group-finding techniques and added 
a further new group member (ESO 236-G035). There is no 
obvious group system present in the optical data, suggest- 
ing that previous group finders were tuned to find looser 
structures. There is no group X-ray emission in this region, 
only emission assoc i ated w ith the NGC 7144 galaxy and 
lOsmond fc Ponmanl i2004l) only found two galaxies associ- 
ated with this group. Thus, contrary to earlier claims, we do 
not find evidence for a group and do not discuss this group 
further, leaving a sample of 15 groups. 

We compared the groups defined by taking three dif- 
ferent density contrasts: Sp/p — 100 (i.e. less dense than 
the 2PIGG catalogue), Sp/p = 150 (the 2PIGG value) and 
Sp/p — 200 (i.e. more dense). We find in 4 groups (NGC 
1566, NGC 1808, NGC 3557 and NGC 3783) that there is 
no change in group membership and therefore none in mean 
velocity or velocity dispersion. For all 15 groups we find the 
mean difference in group members to be (AJV(150 — 200)) = 
2.6 ± 0.9 and (AiV(150 - 100)) = -6.8 ± 3.3 i.e. on average, 
there are less galaxies if the density contrast is increased and 
more galaxies if it is lowered, as expected. Comparing the 
velocity dispersions calculated for the different memberships 
we can examine the effect of the choice of density contrast on 
the calculated dynamical parameters: (Aa„(150 — 200)) = 
25 ± 17 km s' 1 and <Acr„(150 - 100)) = 3 ± 7 km s' 1 . 
These differences are smaller than the errors on the calcu- 
lated velocity dispersions and, within the error on the mean 
difference, consistent with no difference. We therefore con- 
clude that the group properties defined by FOF are robust 
to the choice of density contrast and present results using 
the 2PIGG Sp/p = 150 in Tabled The galaxies determined 
to be group members are listed in Appendix [X] The spatial 
distribution and velocity-distance diagrams for these groups 
are illustrated in Appendix El 

The velocity dispersions derived using the membership 
determi ned by FOF are compared i n Figure U wit h those de- 
rived b v |Osmond fc Ponmanl i2004h . As lOsmond fc Ponmanl 



( 2004) only determined one member within rsoo for the NGC 
3783 group, no velocity dispersion was measured. As a re- 
sult, this group is substantially offset in Figure The mean 
difference between the two samples is (Aa v ) — —8 ± 17 km 
s _1 , i.e. consistent with no difference. 



5 DYNAMICAL PROPERTIES OF GROUPS 

The dynamic al properties are calcu lated in the same way as 
introduced in lBrough et al] J2OO6): For each group defined 
by the FOF algorithm the luminosity-weighted centroid and 
mean recession velocity were calculated. These and the dy- 
namical parameters calculated using the FOF group mem- 
bers are summarised in Table |3] 

The velocity dispersion, <j v , w as calculated using the 
gapper algorithm feeers et al.lll99oT) : 
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Table 2. Search regions, distances, and sources of galaxy data for each group. 



Group 


Min RA 
(J2000) 


Max RA 
(J2000) 


Min Dec 
(J2000) 


Max Dec 
(J2000) 


D 
(Mpc) 


6dFGS 
(sources) 


HI 

(sources) 


NED 
(sources) 


Total 


NOG 524 


1:14 


1:34 


06:30 


12:00 


22 3 (TV\ 


o 


o 


33 


33 


fjnp Ton 


P40 


2:03 


-16"30 


-11:00 




5 


3 


10 


19 


Mfip in5? 


2-28 


2:52 


-11:15 


-05:45 




30 


Q 


12 


72 


NGC 1332 


2:16 


4:40 


-6:00 


-36:00 


20.9 (F) 


158 





499 


657 


NGC 1407 


2:16 


4:40 


-6:00 


-36:00 


20.9 (F) 


158 





499 


657 


NGC 1566 


3:54 


4:36 


-58:30 


-52:30 


21.0 (O) 


9 


2 


18 


29 


NGC 1808 


4:55 


5:23 


-40:30 


-35:00 


17.0 (O) 


17 





5 


22 


NGC 3557 


10:55 


11:24 


-40:45 


-34:30 


42.5 (TJ) 


36 


3 


17 


56 


NGC 3783 


11:10 


12:05 


-43:00 


-33:00 


36.0 (TJ) 


81 


3 


27 


111 


NGC 3923 


11:25 


12:15 


-34:00 


-23:00 


21.3 (O) 


92 


2 


29 


123 


NGC 4636 


12:24 


13:05 


-02:00 


08:00 


13.6 (TJ) 





1 


352 


353 


NGC 5044 


13:02 


13:27 


-19:15 


-13:30 


29.0 (TJ) 


25 


6 


56 


87 


NGC 7144 


21:36 


22:12 


-51:30 


-46:00 


22.8 (TJ) 


1 


3 


15 


19 


HCG 90 


21:48 


22:15 


-35:30 


-30:30 


36.0 (O) 


39 





66 


105 


IC 1459 


22:42 


23:12 


-40:00 


-33:30 


27.2 (TJ) 


21 





26 


47 


NGC 7714 


23:25 


23:47 


-01:30 


04:30 


39.0 (O) 





1 


25 


26 



The columns indicate (1) Group name; (2), (3), ( 4) and (5) outline the Right Ascension and Declination range over which the 6dFGS 
and NED searches were made; (6) distance ffrom lTonrv et a! ] feOOll) corrected following Jensen et al. (2003; TJ), Forbes et al. (2005; 
F) or Osmond & Ponman (2004; O)]; (7) Number of sources in the group region from the 6dFGS catalogue; (8) Number of sources in 
the group region from the HI survey of Kilborn et al. (in preparation); (9) Number of sources in the group region from NED; (10) Total 
number of sources in each region. 




Figure 1. Comparing the velocity dispersions calculated by Os- 
mond & Ponman (2004), a v (OP), and those calculated using the 
FOF membership, a v (FOF) with the number of members as- 
signed by Osmond & Ponman, N (OP). Error bars indicate the 
combined lcr errors on the velocity dispersions. 



[n(n-l)] 



j=i 



(2) 



where w% = i(n — i) and gi = z(i + 1) — z(i). This method 
is insensitive to outliers, giving a robust estimate of a v for 
small groups. The corresponding errors are estimated using 
the jackknife algorithm. 

The crossing time is calculated as a function o f the Hub- 



(3) 



ble time (H ) following Hu chra fc G ellcr (1982J), as 
3 r H 



where the harmonic radius, th, is independent of the veloc- 
ity dispersion and is given below. 



th — ti" D sin 



n(n — 1) 



(4) 



where D is the distance to the group given in Table n 
is the number of members of each group, and #~ is the 
angular separation of group members. The errors on rn 
are estimated using the jackknife method and the errors 
on t c are calulcated using stand ard error propagation a,n&\y- 
sis. lNolthenius fc White! Jl987f) indicate that a crossing time 
> 0.09 H^" 1 suggests that a group has not yet had time to 
virialize. 

The virial ma ss My was calculate d using the virial mass 
mass estimator of iHeisler et al] lll985l) . 



Ah 



3 7T N 



2G E i<i VR B 



(5) 



53/2 



where Vi is the observed radial component of the velocity of 
the galaxy i with respect to the systemic group velocity and 
Roc. ij is its projected, group-centric, separation from other 
group members. This assumes that the group is virialised. 
If the group is not virialised then the calculated vir ial mass 
will be an underestimate of the true value. However. lMamonl 
il993l) show that this is not a large effect. We estimate the 
rms error on the virial mass using the jackknife method. 

The radius corresponding to an overdensity of 500 times 
the critical density - r$oo, provides a measure of the size of 
a group. This radius is equivalent to ~ 1.5r2oo, the virial 
radius, but is a more robust measure of size than r2oo at 
the low densities of groups. We calculate rsoo as a func- 
tion of the velocity disper sion calculated above, following 
lOsmond fc Ponmanl <2004l) as, 
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Table 3. Landscape table goes here 
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Figure 2. Comparing the rsoo radius calculated using the veloc- 
ity dispersion, rr y oo{a v ), and calculated using X-ray temperature, 
r 5Qo(Tx)- Groups with intra-group X-ray emission (G-sample) 
are indicated by the triangles, groups with galaxy-halo emission 
only (H-sample) by circles - the groups undetected in X-rays do 
not have Tx measurements. Error bars indicate combined la er- 
rors on the rsoo measurements and la errors on a v . The dotted 
line indicates no difference between the two methods. 



member galaxies. We calculated the rms error on the mass- 
to-light ratio following standard error propagation analysis. 

We obtained morphological T-types for galaxies from 
the Hy per-Lyon-Meudon E xtragalactic DAtabase (Hyper- 
LEDA; iPaturel et all 11997ft . T-types are numerical codes 
chosen to correspond to morphological galaxy type as 
defined in the Se cond Reference Catalogue (RC2; e.g. 
ICorwin et ai]ll977ft . The correspondance wit h Hubble type 
is given in more detail in lPaturel et alJ lll997ft . In summary, 
T-types of —5 ^ T-type ^ correspond to E to SOa galax- 
ies whilst < T-type ^ 10 correspond to Sa to Irr galaxy 
types. We limited these data to those galaxies with mag- 
nitudes brighter than the appar ent-magnitude limi t of the 
2MASS catalogue (m K ~ 13.1: Ijarrett et al-lEoOol) at the 
distance of our furthest group (NGC 3557; Mk ^ —20) in 
order to sample the same part of the luminosity function in 
each group. The early-type fraction, f ear iy, was calculated 
as the fraction of galaxies in each group with Mk ^ — 20 and 
T-type ^ 0.0. The errors were calculated from the poisson 
errors on these values. 

The extent of the group is the maximum projected spa- 
tial distance between a group member and the centre of the 
group. 



rsoo(o- v ) = 



0.096a!, 
Ho ' 



(6) 



The rms error on rsoo is calculated using standard error 
propagation. It is also possible to calcul ate rsoo as a function 
of the X-ray temperature, Tx, following lEvrard et alJ dl996l) 



(T) 



124 T X 
*-50o(Tx) = — y— . 

lOsmond fc Ponmanl i2004h conclude that rsoo(Tx) is the 
more robust of the two measures. The two methods of cal- 
culating rsoo are compared in Figur e |51 for the 12 groups 
for which lOsmond fc Ponmanl i2004h were able to measure 
Tx values. The mean difference (r$oo(o~v) — rsoo(Tx)) = 
—0.14 it 0.04. rsoo(cr„) is smaller than rsoo(Tx) for the 
lower velocity dispersion groups, becoming more consistent 
at a v > 200 km s" 1 . This suggests that a v may be under- 
estimated for these low velocity groups, either due to low 
group membership or to these groups being less likely to be 
virialised than the higher velocity dispersion groups. How- 
ever, as Tx is only available for 12 of the 15 groups, we will 
use rsoo (&V ) • The conclusions drawn in Section 1101 do not 
change if rsoo (Tx) is used instead. 

The /Sf-band luminosities of the constituent galaxies 
were summed to calculate the total 7f-band luminosity of 
the group, Lk(To€). Those galaxies without known K mag- 
nitudes were assigned ttik = 13.5, this has negligible effect 
on the total calculated as it is dominated by the brightest 
galaxies. We have also not extrapolated the total luminos- 
ity to infinitely small luminosities, however, iGirardi et alJ 
(2002) show that this correction is only of the order of 5 per 
cent. The la error on L,K(Tot) is estimated from the errors 
on the individual magnitudes from 2MASS. 

The mass-to-light ratios were calculated by dividing the 
virial mass by the sum of the if -band luminosities of the 



6 INDIVIDUAL GROUP PROPERTIES 

The area of sky around each group in which we collected 
data are all shown in Appendix |5| which also illustrates 
the extent of the group and hte group members defined 
by FOF. In this Section we briefly discuss the dynamical 
properties of each group, based on the values given in Ta- 
bic [3 It is difficult to make a statement as to whether the 
groups are virialized or not. However, we do assume that 
groups are dynamically mature if they have bright X-ray 
emission, above-average velocity dispersion, above-average 
virial mass, early-type brightest group galaxies (BGGs) and 
low crossing times (mean values for our sample are given in 
Table 0J. 



6.1 NGC 524 Group 

This group is in the Northern hemisphere so does not have 
6dFGS data available. The group exhibits only galaxy-scale 
X-ray emission but has an early-type BGG (NGC 524) only 
29 kpc and 22 km s _1 from the FOF centroid, average ve- 
locity dispersion, average mass, crossing time, and a higher 
than average early-type fraction. These properties suggest 
that this group is dynamically mature. 



6.2 NGC 720 Group 

lOsmond fc Ponmanl l)2004tl find this group to have extended 
intra-group X-ray emission. The brightest galaxy in the 
group, NGC 720, is an early-type galaxy and is spatially co- 
incident with the centre of the group (within 21 kpc). How- 
ever, it is offset in velocity by 230 km s _1 , nearly twice the 
velocity dispersion. The other 5 group members are all > 2 
magnitudes fainter than NGC 720 itself, suggesting that this 
could be a fossil group. The X-ray luminosity of the group is 
just below the fossil group definition of logioLx > 10 42 /iJ 2 



8 Brough et al. 



erg s" 1 ll Jones et alJl2003Fl . The group has a low mass, how- 
ever, it also has a high fraction of early-type galaxies con- 
sistent with the suggestion that this could be a fossil group. 



X-rays. Its late-type BGG (NGC 1792), few members, low 
velocity dispersion, low mass and high crossing time indicate 
that this group is dynamically immature. 



6.3 NGC 1052 Group 

This group shows galaxy-scale X-ray emission associated 
with the BGG - NGC 1052. NGC 1052 is an elliptical galaxy, 
offset both kinematically and spatially from the group cen- 
tre defined by the FOF algorithm. The group consists of 29 
members, however its velocity dispersion and virial mass are 
relatively low and it has a low early-type fraction. Spatially 
the group is quite extended and irregular, with NGC 1052 
lying in a sub-clump which is offset to the group centroid. 
These properties all suggest that this is a dynamically im- 
mature group just coming together for the first time. 

6.4 NGC 1332 Group 

iBrough et alJ |2006) concluded, on the basis of its centrally 
coincident bright lenticular galaxy, few members, average 
velocity dispersion, low crossing time and high early-type 
fraction that this is a low-mass, compact, dynamically ma- 
ture group with a galaxy population similar to that of a 
much more massive group. 

6.5 NGC 1407 Group 

IBrough et alJ ]2006l) concluded on the basis of its high 
mass-to-light ratio, high early-type fraction, symmetric 
intra-group X-ray emission, bright central elliptical galaxy 
and short crossing time that this structure is a dynami- 
cally mature group. T his has since been corroborated by 
Trentham et al] i2006l) who came to similar conclusions us- 
ing deeper observations. 

6.6 NGC 1566 Group 

This group is an overdensity within the very loose group- 
ing of galaxies in the direction of the Dorado constellation. 
This grouping is part of the Fornax wall that stretches up 
through the Fornax cluster to the NGC 1407 and NGC 13 32 
groups. The group defined bv lOsmond fc Ponmanl ]2004) is 
centred on NGC 156 6 and its galaxy-scale X-ray emission. 
iKilborn et al] i2005l) found 26 members in the group, se- 
lected on the basis of cuts in velocity and distance from the 
position and velocity of NGC 1566, and calculate a velocity 
dispersion of 282 ±30 km s _1 . The FOF algorithm does not 
find NGC 1566 to be a member of a group in this field. The 
BGG is an early-type galaxy - NGC 1553 and is only 29 
kpc and 37 km s -1 from the FOF centroid. In contrast to 
IKilborn et ail (l2005fl . the group defined by the FOF algo- 
rithm only contains 4 members and has a very low velocity 
dispersion, and low mass, however, surprisingly it also has 
a high fraction of early-type galaxies. These properties gen- 
erally suggest that this group is not dynamically mature. 

6.7 NGC 1808 Group 

lOsmond fc Ponmanl ]2004l) do not detect X-ray emission > 
3cr background and define this group to be undetected in 



6.8 NGC 3557 Group 

T his group was first found bvlKlemolal <1969ft and confirmed 
bv lGarcialiT993h . lZabludoff fc Mulchaevl feOOOTl describe the 
group as being marginally X-ray detected with a lower num- 
ber density of galaxies than their other, X-ray detected, 
groups. However they also find it to have a large number of 
member galaxies (22) and a high velocity dispersion (282±50 
km s~ x ). They conclude that this group has a much lower 
dwarf-to-giant galaxy ratio than their other, more X-ray lu- 
minous, groups, however it is no t possible to verify that here 
as our data are not deep enough. lOsmond fc Ponmanl ]2004l) 
find the group to have intra-group X-ray emission. We find 
the group to have 14 members and a high velocity dispersion, 
consis tent with that measured by IZabludoff fc Mulchaevl 
(2000). The early- type BGG (NGC 3557) is only 21 kpc 
and 171 km s _1 from the FOF centroid. In addition to the 
group's high mass, low crossing time, and high early-type 
fraction these properties are all consistent with NGC 3557 
being a dynamically mature group. 

6.9 NGC 3783 Group 

lOsmond fc Ponmanl i2004h find this group to have group- 
scale X-ray emission. However, the X-rays only extend to 
a r adius of 69 kpc, and it has a very low X-ray luminos- 
ity. IKilborn et al] <|2006ri suggest that this group may be a 
very young group. We find its late-type BGG (NGC 3783) 
360 kpc and 27 km s" 1 from the FOF centroid. The low 
velocity dispersion, mass and low early-type fraction of this 
group suggest t hat this group is dyn amically immature, in 
agreement with IKilborn et all i2006l) . 

6.10 NGC 3923 Group 

This group shows galaxy-scale X-ray emission, centred on 
the BGG, NGC 3923, which is an early-type galaxy lying 
close (85 kpc and 22 km s -1 ) to the FOF centroid. The 
group consists of many members, and has an average ve- 
locity dispersion and mass, but a low early-type fraction, 
suggesting that this group is dynamically immature. 

6.11 NGC 4636 Group 

This group is also called th e NGC 4343 group. The c en- 
tre of the group defined by lOsmond fc Ponmanl ]2004l) is 
3 degrees (0.7 Mpc) south of the centre of the Virgo clus- 
ter, however the NGC 4636 group exhibits X-ray luminous 
intra-group X-ray emission that is distinct from the emission 
from Virgo. The group does not have 6dFGS data, how- 
ever, detailed analysis of the region, in particular by SDSS 
iAbazaiian et all I2003T) . means that it has a much higher 
number of galaxies with velocities than do other groups 
studied, but few with if-magnitudes. Using the same FOF 
technique as used for the other groups therefore fails in this 
region. The extra depth of sources results in confusion be- 
tween this group and the Virgo cluster and a FOF analysis 
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with all galaxies determines a group that is indistinguishable 
from Virgo. 

For this region we therefore cut the data by the appar- 
ent magnitude limit of 2MASS (K ^ 13.1 mag) to perform 
the FOF analysis. This defines a group that is distinct from 
the Virgo cluster, as suggested by its X-ray emission. The 
early-type galaxy NGC 4636 is the brightest galaxy in the 
group, close to the FOF centroid (within 87 kpc and 38 
km s _1 ) and, given the apparent-magnitude cut, has a large 
number of members, average velocity dispersion and high 
mass. On balance, these properties suggest that this group 
is dynamically mature. 



6.15 NGC 7714 Group 

lOsmond fc PonmarJ J2004T) find the X-ray emission of this 
group to be < 3<r background, it is therefore, undetected in 
X-rays. This group is in the Northern hemisphere and does 
not therefore have 6dF data. The group defined by FOF does 
not contain NGC 7714. The BGG (NGC 7716) is a late-type 
galaxy, only 10 kpc and 26 km s" 1 from the FOF centroid. 
The group has very few members (4, and only 1 with a 
measured A"-magnitude) , very low velocity dispersion, very 
low mass, and no early-type galaxies. This all suggests that 
this group is not dynamically mature. 



6.12 NGC 5044 Group 

lOsmond fc PonmarJ (l2004h show this group to have group- 
scale X-ray emission and it is the most X-ray luminous group 
in our sample - putting it on the border of cluster-mass 
scales. Its large size means that it has been the subj ect of 
much study. Most recently, ICellone fc BuzzonJ (j2005) have 
analysed the group in detail, finding a group of 27 members 
with a velocity dispersion a v =431 km s~\ 

The large elliptical, NGC 5044, is the brightest galaxy 
in the group and is 91 kpc and 156 km s _1 from the FOF 
centroid. Our velocity dis persion is consistent with that of 
ICellone fc BuzzonJ J2005t) . This is a classically dynamically 
mature group with many members, high velocity dispersion, 
high mass, high early-type fraction and a low crossing time. 



6.13 HCG 90 

This group was first found by IKlemolal Jl969l) and then 
define d as a Hickson Com pact Group (HCG) by IHicksonI 
Jl982h . IMaia et alJ (1989) established that this g roup ex- 
tends w ell beyond the compact nucleu s examined bv lHicksonl 
Jl982l) . IZabludoff fc Mulchaevl Jl99gfi found that this is in 
fact a massive group consisting of 16 members with a high 
velocity dispersion (293 ± 36 km s _1 ) and extended X-rays. 
The three central galaxies (NGC 7173, NGC 7174, and NGC 
7176) appear to be interacting, although they are dominated 
in luminosity by the ellipti c al NG C 7176 which appears to be 
undisturbed. lLongo et ail (Il994h illustrate that NGC 7176 
and NGC 7174 are not actually interacting and that this is 
in fact a projection effect. We find the elliptical galaxy NGC 
7176 to be the BGG. It lies only 33 kpc and 84 km s" 1 from 
the FOF centroid. We find the group to consist of many 
members, and it has a low crossing time and an average ve- 
locity dispersion, however it has a low early-type fraction 
suggesting that it might still be dynamically immature. 



6.14 IC 1459 Group 

lOsmond fc PonmarJ J2004I) find this group to have extended 
intra-group X-ray emission. We find the group to have an 
early-type BGG - IC 1459 is 32 kpc and 153 km s _1 from the 
FOF centroid. The group has few members and a high veloc- 
ity dispersion, high virial mass, high mass-to-light ratio but 
a lower than average early-type fraction. These properties 
generally suggest that this group is a dynamically mature 
group structure. 



6.16 Summary 

The properties of these groups depend strongly on their 
X-ray luminosities. The groups with the highest X-ray lu- 
minosities have the highest masses and early-type BGGs 
that lie close to the FOF defined centroid (Section[5J. They 
also have the most members, highest velocity dispersions, 
and low crossing times and high early-type fractions. Al- 
though these groups generally have extended intra-group X- 
ray emission, there are some showing only galaxy halo X-ray 
emission. 

In contrast, those groups with the lowest and unde- 
tected X-ray luminosities have low masses and velocity dis- 
persions and they generally have fewer members than those 
groups with the highest X-ray luminosities. The properties 
of the NGC 3783 group are consistent with these groups, 
despite its marginally extended X-ray emission. 

These differences suggest that the X-ray luminosity of 
these groups is more closely related to their dynamical prop- 
erties than whether or not the groups show extended or h alo 
X-ray emission, as defined bv lOsmond fc PonmarJ J2004I) . 



7 STATISTICS 

In the relationships presented below we calculated Kendall's 
rank correlation probabilities for each group parameter pair 
using the IRAF/STSDAS/STATISTICS package routine. 
Kendall's rank correlation was used because it is more re- 
liable for samples where N < 30 than the Spearman rank 
correl ation. It is also non-parametric - iHelsdon fc PonmarJ 

(2000) show that the scatter in the properties of groups is 
intrinsic rather than statistical so it is appropriate not to 
take the statistical errors into account in the correlation. 

Two of the groups only have upper limits for their X-ray 
luminosities. The survival analysis tasks available in IRAF 
can take this into account in the correlatio n. Survival anal- 
ysis ta sks are discussed in more detail in lO'Sullivan et all 

(2001) . In summary, survival analysis assumes that the up- 
per limits provided hold only limited information regarding 
the true values of the X-ray luminosities of these groups. We 
take the uncensored parameter as the independent variable 
and the censored parameter (i.e. X-ray luminosity) as the 
dependent parameter. 

We also use the Buckley-James algorithm available in 
the same package to fit straight lines to our data. The 
Buckley- James method is also non-parametric, using the 
Kaplan-Meier estimator for the residuals to calculate the 
regression, and can also take censored data into account. As 
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for the correlation, we take the uncensored parameter as the 
independent variable and the censored parameter (i.e. X-ray 
luminosity) as the dependent parameter. 



8 SCALING RELATIONS 

Diffuse X-rays are emitted by a hot plasma trapped in the 
gravitational potential of a galaxy, group or cluster. The X- 
ray luminosities of groups of galaxies are therefore a measure 
of the hot gas in the system and it is interesting to determine 
how the gas properties correlate with the properties of the 
galaxies that share the same potential well. 

Assuming that the evolution of groups and clusters is 
solely due to their collapse under gravity, groups are simply 
scaled down clusters. This 'self-similar' model predicts that 
X-ray luminosity is proportional to the velocity dispersion of 
mem ber galaxies: Lx(Bol) oc afj (e.g. Quintam^^&^Meffrick 



1982). Previous research on clusters (e.g. lMahdavi fc G eller 



20011: iHilton et alJl2005l) has resulted in L x (Bol) - - 
jHilton et al.l 120051) . Although this does not rule out 



pie, self-similar evolution, it is also consistent with feedback 
processes (i.e. heating by non-gravitational processes) being 
significant. 

One of the main observational signatures of non- 
gravitational processes is a steepeni ng of the X-ray rela - 
tionships in the group regime (e.g. iBorgani et al.l 120041) . 
Hence, it is also important to examine the relationships fol- 
lowed by groups. Previous analysis of groups reveals that 
the Lx — <? v relation does not steepen in group-sized sys- 
tems, with a growing consens us that groups are consistent 
with the cluster relationship jM ulchaey fc Zabludofll ll998l : 
iHelsdon fc Ponmanl l200d : iMahdavi fc Gelled l200lT "and T. 
Ponman, private communication 2005). We observe a 99.96 
per cent correlation between these properties (Figure[3Jl and, 
using the Buckley- James algorithm described above, find a 
relationship for all 15 groups of 



logi Lx(r 5 oo) = 3.11 ±o - 59 logio0-„ + 34.38, 



(8) 



with a standard deviation on the regression of 0.40. 
This is close to the predic tion of self-similarity. However, 
lOsmond fc Ponmanl l)2004h discuss the biases in their Lx 
calculation which lead to a flattening of this relationship. As 
we use their X-ray luminosities these biases are also present 
in this sample, leading to uncertainty in the true value of 
this relationship. 

Self-similarity predicts that the X-ray emitting gas is 
bound to groups with a mass proport ional to the virial mass 
-My a T x /2 dBorgani et alJl2004l) . L x oc T|, therefore 
Lx oc M v /3 . Fi gure 0] illustrates the close relationship we 
observe between these parameters - correlated at the 99.91 
per cent level. Using the Buckley- James algorithm described 
above we find a relationship for all 15 groups of 



logi ix(r 5 oo) = 1.13 ±027 logi My + 26.48 



O) 



with a standard deviation on the regression of 0.48. This is 
consistent with the prediction of self-similarity. 

Early-type fraction s in clusters are observ ed to corre- 
late strongly with Lx (lEdge fc Steward Il99ll'l . In groups, 
IZabludoff fc Mulchaevl (I1998T) found a strong correlation of 
early-type fraction with velocity dispersion. They also found 




Figure 3. The relationship between Lx(rsoo) an d at v . Groups 
with intra-group X-ray emission (G-sample) are indicated by 
the triangles, groups with galaxy-halo emission only (H-sample) 
by circles and groups undetected in X-rays (U-sample) by their 
upper-limit. Error bars indicate ltr errors. The dashed line indi- 
cates the self-similar prediction whilst the solid line indicates the 
regression line fit given by Equation 181 
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Figure 4. The relationship between the X-ray luminosity 
Lx(f50o) an d the virial mass, My. G-sample galaxies are in- 
dicated by triangles, H-sample by circles and U-sample groups 
by upper limits. Error bars indicate lcr errors. The dashed line 
indicates the self-similar prediction whilst the solid line indicates 
the regression line fit given by Equation l9l 



no early-type galaxies in the 3 groups without observed X- 
ray emission and early-type f ractions up to those obs erved in 
clusters (f early ~ 0.55- 0.65: fwhitmore et alll993ft in their 
9 groups with observed X-ray emission (0.25 < fearly < 
0.55). We also find three of our groups (NGC 1808, NGC 
3783 and NGC 7714) to have no early-type galaxies. There 
is no X-ray emission associat ed with the NGC 1808 o r NGC 
7714 groups, similar to the IZabludoff fc Mulchaevl (Il99gft 
groups with no early-type galaxies, however the NGC 3783 
group shows marginally extended X-ray emission, character- 
istic of intra-group gas. Th is group is shown in Section [6.91 
and bv lKilborn et alJ (l200rJl to be a young group in the pro- 
cess of forming, consistent with this low early-type fraction. 
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Figure 5. The fraction of early-type galaxies, fearly, in each 
group with respect to the group X-ray luminosity Lx^soo)- G- 
sample galaxies are indicated by triangles, H-sample by open cir- 
cles and U-sample groups by upper limits. Error bars indicate la 
errors on the X-ray luminosities and poisson errors on the early- 
type fractions. The solid line indicates the regression line fit given 
by Equation I1UI 



Figure 6. The relationship between the fraction of early-types, 
f early, in each group and the velocity dispersion, u v . G-samplc 
galaxies are indicated by triangles, H-sample by open circles and 
U-sample groups by crosses. Error bars indicate lc errors on the 
velocity dispersions and poisson errors on the early- type fractions. 
The solid line indicates the regression line fit given by Equa- 
tion [n] 



lOsmond fc Ponmanl J2004l and IWilman et ail §005) 
find weaker trends with early-type fraction. We find the 
early-type fraction to be correlated with Lx (95.87 per cent 
correlation, Figure |SJ and cr„ (90.98 per cent correlation; 
Figure ^J. Fitting to these data using the Buckley- James 
algorithm we find: 



f early = 0.27 ±011 log 10 Lx(r-50o) - 10.8, 



and, 

fearly = 0.76 ±0 ' 35 lOglO &v 



1.2. 



(10) 



(11) 



These relationships are illustrated in Figures |5] and |5] 

In Section |S| we concluded that the X-ray luminosity of 
the groups provides more information on the optical proper- 
ties of these groups than the extent of their X-ray emission. 
This conclusion is supported here, with X-ray luminosity 
highly correlated with velocity dispersion, virial mass, and 
the morphologies of the group members. 

8.1 Mass-to-Light Ratio 

The ratio of mass-to-light in a system represents a 
proxy for the efficiency with which stars are formed 
within haloes of different masses. Previous studies have 
used group dynam i cal masses (e.g. ICarlberg et all l200lt 
iGirardi et ail l2002t lEke et alJ l2004bl) . comparison of the 
theoretica l mass function with the observed luminosity 
function iMarinoni fc Hudson! 12002ft mass measurements 
from weak lensin g feigHpludt er^l^il] l2005h and the fun- 
damental plane (IZaritsk , ^^nTT2T)o"a) to examine mass- 
to-light ratios. There is a growing consensus that mass- 
to-light ratios reach some minimum at a sy s tem mass 
of ~ 10 12 Mm fe.g. IMarinoni fc Hudson! l2002t lEke et alJ 



l2004bl : IZaritskv et al.l20o¥ and rise st e adily through grouf: 
sized systems ([ CarTber ^et alJ l200lt jGiranffe^alJ_|2^02|; 
IMarinoni fc Hudson! 120021: lEke et alJ l2004ri iParker et alJ 



l2005UZaritskv et al-lEoOrj . However there is some disagree- 
ment on c luster mass scale s with ISanderson fc Ponmanl 
(2003) and Eke et alJ i2004bf) observing no r elationship of 
mass- to-lig ht ratio with cluster mass whilst IGirardi et alJ 
l|2002l) and lZaritskv et, alJ l|200fj) do. 

Using the virial masses and total K-band luminosities 
calculated for our groups, we show the relationship of the 
mass-to- light ratio with mass in Figure The mass-to- light 
ratio clearly increases with system mass. Using the Buckley- 
James algorithm we find a relationship of 

logio (Mv/Lk) = 0.65 ±0 - 12 logi M v - 6.8, (12) 

This is simila r to the relati o nship determined by lEke et all 
l|2004bh and IParker et all <l2005ft but steeper t han the 



measured by Marinoni & Hudson) (120 
IGirardi et alT J2002I) and lEke et alJ 120041 



Ml L B oc M 
However 

indicate the pitfalls of working w i th cor related quantities. 
We therefore follow IGirardi et alJ (120021 ) and examine the 
more robust relationship between mass and light, presented 
in Figure |5] The scatter in this relationship is evident. We 
therefore fit both Mv oc Lk and the inverse, Lk oc Mv, 
and use the difference between these fits as an estimate of 
the error on the fit. Using the Buckley- James algorithm we 
find a bisecting relationship of, 

logioMv = 2.0 ±a9 log 10 L A -(r O t) - 9.4. (13) 

In Figure IS] we als o ind icate the Mv oc Lk relationship and 
the lGirardi et al.1 (120021) fit to their data: My oc j^ 338 ^' 033 
The sl ope fitted here is consistent with that of lGirardi et alJ 
( 2002|) and with mass increasing faster than luminosity. 



9 BRIGHTEST GROUP GALAXIES 

Hierarchical structure formation predicts that the galaxy 
at the centre of a dark-matter halo will continue grow- 
ing as it accretes other galaxies and that it will grow at 
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Figure 7. The relationship between the mass-to-light ratio and 
the virial mass of the group. G-sample galaxies are indicated by 
triangles, H-sample by circles and U-sample groups by crosses. 
The error bars give the lcr errors. The solid line indicates the 
regression line fit to all 15 groups given by Equation 1121 whilst 
the dashed line is the relationship of Marinoni et al. (2002). 
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log, L,, (Tot) (Ls) 

Figure 8. The relationship between the virial mass of the group 
and its total luminosity. G-sample galaxies are indicated by tri- 
angles, H-sample by circles and U-sample groups by crosses. The 
error bars give lcr errors on My, the lcr errors on the total K- 
band luminosities are of the order of the size of the points and 
are not therefore plotted. The dashed line indicates the simple 
My oc Lk line, the dot-dashed line the relationship of Girardi et 
al. (2002), whilst the shaded areas indicate the direct and inverse 
fits and the solid line gives the bisecting fit ( Equation 1131 . 

the expense of other galaxies. It is, therefore, expected to 
be the brightest, most massive galaxy in the halo at all 
times. In this paradigm the bright elliptical galaxies found 
at t he centres of clusters (Brig htest Cluster Galaxies; BCGs; 
e.g. iBroueh et all [2002. 2005) form in the group environ- 
ment and as the groups merge to form clusters, newly ac- 
creted massive galaxies will sink to the centre of the po- 
tential well by dynamical friction and merge with the cen- 
tral galaxy. Groups with extended X-ray emission are fre- 
quently observed with bright, early-type galaxies at the 
centre of their X-ray emission, similar to the BCGs ob- 



served at_th£_centres_of cluste rs dZabludoff fc Mulchaevl 
Il99ci lOsmond fc PonmarJ 120041) . If the hierarchical pic- 
ture of structure formation is correct then these brightest 
group galaxies (B GGs) can be seen as evolu t ionary tracers 
of the system dZabludoff fc Mulchaevl Il998l : iBrough et ail 
120021 iLin fc Mohrll200 

Here, the BGGs were selected as the galaxy with the 
brightest Tf-magnitude within ±2o\, of the mean group ve- 
locity. The BGGs are detailed in Table H Of 8 groups with 
extended X-ray emission in this sample, 7 have early-type 
BGGs. The exception is th e NGC 3783 group, which is 
shown in Section 16.91 and by iKilborn et al] ]2006l) to have 
properties which are consistent with this group still being in 
the process of relaxation. 

Comparing the magnitude distribution of early- and 
late-type BGGs we found that the early-type BGGs are 
more luminous than the l ate-type BGGs, as also seen by 
lOsmond fc Ponmanl l)2004l . A Kolmogorov-Smirnov (KS) 
test gives a probability of only 3.0 per cent that the early 
and late-type BGGs are drawn from the same parent popu- 
lation. 

The hierarchical structure formation paradigm predicts 
that the brightest galaxy in a halo will lie at rest with respect 
to the potential well. It is therefore interesting to examine 
whether BGGs lie at rest with respect to the spatial and ve- 
locity centroids of their groups. Previous studies have found 
that 90 per cent of BCGs lie within 0.38r2oo of their clus- 
ter centroid iLin fc Mohrll2004) . IZabludoff et ail Jl99fJ) and 
lOegerle fc Hill (l200ll) find significant departures in the ve- 
locities of BCGs from the mean cluster velocity but within 

the mean velocity dispersion of their clusters. 

In the group environment, iMulchaev fc Zabludofll 

( 1998) found that the BGGs of their X-ray detected groups 
lie within 5 — 10/i -1 kpc of the X-ray peak of their groups. 

We examine the offset of the BGG from the group 
luminosity-weighted centroid and mean group velocity, 
scaled by the size and velocity dispersion of the group. (Fig- 
ure |3J. There are four clear outlying BGGs in Figure |3] 
These BGGs are all in groups showing signs of being dy- 
namically immature: NGC 3783 is a late-type galaxy lying 
close to the FOF centroid in velocity (0.1a v ), but it is off- 
set by 2.2r5oo spatially. Despite this it is still the closest 
galaxy to the FOF centroid in this group. This group was 
determined by IKilborn et al] i200fj) and in Section 16.91 to 
still be in the process of forming. NGC 1792 is also a late- 
type galaxy and is offset by 1.3cr„ in velocity with respect to 
its group centroid. This group (NGC 1808) was determined 
in Section 16.71 to be dynamically immature. NGC 1052 is 
an early-type galaxy but it lies at both significant radius 
(0.9r5oo) and velocity (1.6er„) from the FOF centroid. This 
group only has X-rays associated with NGC 1052 itself and 
the group was shown in Section 16.31 to be relaxing for the 
first time. Spatially, NGC 720 lies close to the FOF centroid, 
but is offset by nearly 2er„ in velocity. If this group is a fossil 
group then it should have reached dynamical equilibrium. 
The observation that the BGG is offset in velocity by 2a v 
therefore suggests that this might not be a fossil group. 

All BGGs in dynamically mature groups lie within 
a group-centric radius of ~ 0.35rsoo and ±0.6o-„ in 
velocity of their FOF centroid. These groups all have 
high X-ray luminosities, co nsistent with the sample of 
IMulchaev fc Zabludofll {l998). We conclude that it is only 
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Table 4. Properties of Brightest Group Galaxies (BGGs). 



Group 


BGG 


M K 
(mag) 


Lk(BGG) 
(10 n L Q ) 


\R- < R> | 
(kpc) 


[R— <R> 


V — V 

(km s — 1 ) 


V — V 


M K ,l - M K ,2 
(mag) 


Type 


NGC 524 


NGC 0524 


-24.53±0.01 


1.33±0.02 


29 


0.11 


-22 


-0.11 


1.73±0.03 


E 


NGC 720 


NGC 0720 


-24.66±0.02 


1.50±0.02 


21 


0.13 


230 


1.97 


2.95±0.04 


E 


NGC 1052 


NGC 1052 


-23.78±0.01 


0.67±0.01 


144 


0.87 


185 


1.54 


0.51±0.02 


E 


NGC 1332 


NGC 1332 


-24.48±0.02 


1.27±0.02 


42 


0.19 


50 


0.31 


1.70±0.03 


E 


NGC 1407 


NGC 1407 


-24.77±0.02 


1.66±0.03 


95 


0.20 


92 


0.26 


1.43±0.03 


E 


NGC 1566 


NGC 1553 


-25.26±0.02 


2.61±0.04 


29 


0.25 


-37 


-0.44 


0.53±0.02 


E 


NGC 1808 


NGC 1792 


-24.07±0.02 


0.87±0.01 


25 


0.16 


119 


1.33 


3.25±0.07 


L 


NGC 3557 


NGC 3557 


-25.90±0.02 


4.70±0.07 


21 


0.05 


171 


0.57 


1.73±0.02 


E 


NGC 3783 


NGC 3783 


-24.12±0.02 


0.91±0.02 


360 


2.24 


-9 


-0.08 


0.07±0.02 


L 


NGC 3923 


NGC 3923 


-25.02±0.02 


2.09±0.03 


85 


0.31 


-22 


-0.11 


1.12±0.02 


E 


NGC 4636 


NGC 4636 


-24.05±0.02 


0.86±0.01 


87 


0.32 


38 


0.19 


0.84±0.03 


E 


NGC 5044 


NGC 5044 


-24.49±0.02 


1.28±0.02 


91 


0.16 


156 


0.39 


0.76±0.03 


E 


HCG 90 


NGC 7176 


-24.70±0.02 


1.56±0.03 


3.3 


0.14 


-84 


-0.48 


0.30±0.03 


E 


IC 1459 


IC 1459 


-25.24±0.02 


2.56±0.04 


28 


0.09 


-107 


-0.48 


1.98±0.03 


E 


NGC 7714 


NGC 7716 


-23.51±0.03 


0.52±0.01 


10 


0.09 


-26 


-0.31 


4.04±0.10 


L 


Mean Values 




-24.57 ±0.16 


3.19±0.50 










1.53 ± 0.30 





The columns indicate (1) Group name; (2) BGG name; (3) Absolute K-b&nd magnitude of BGG with lcr error; (4) Luminosity of BGG 
with lcr error; (5) Offset of BGG with respect to luminosity-weighted group centroid; (6) Offset of BGG with respect to 
luminosity-weighted group centroid scaled by group rsoo radius; (7) Offset of BGG velocity with respect to mean group velocity; (8) 
Offset of BGG velocity with respect to mean group velocity, scaled by group velocity dispersion; (9) Magnitude difference between first 
and second ranked galaxies with lcr error; (10) Morphology of BGG: E for early-type (T-type ^ 0.0) and L (T-type > 0.0) for late-type 
galaxies. The final row gives the means and error on the mean (cr/v'lV) of these quantities. 



a 99.87 per cent correlation with total if-band luminosity 
(Figure [TUt and a 95.82 per cent correlation with X-ray lu- 
minosity (Figure fTTl . The fact that the BGG luminosity is 
more correlated with total group luminosity reflects the de- 
pendence of Lk(To€) on Lk(BGG). Therefore, we can state 
that, to first order, there is a decrease in the dependence of 
the luminosity of the central galaxy on its host halo mas 
between gro ups and clusters. This has bee n predicted an- 
alytically bv lCoorav fc MilosavlievTc] (I2005T) who show that 
above a critical halo mass of ~ 1 — 6 x 1O 13 M0, the timescale 
on which dynamical friction induces orbital decay in the ac- 
creted galaxies exceeds the age of the dark-matter halo. As 
a result of this the relationship between central galaxy lu- 
minosity and host halo mass turns over at this critical mass, 
albeit with some scatter. The groups studied here lie close 
to this critical mass range and lie within the scatter. There- 
fore, in a future paper we will compare the pr operties of all 
the G EMS BGGs with those of the BCGs of lBrough et~aH 
(2002) in order to explore a significantly wider halo mass 
range and fully investigate this prediction. 

A result of the prediction by ICoorav fc Milosavlievid 

J2005I) is that the fraction of total group light in the BGG 
will de crease with increasing mass of the group. iLin fc Mohrl 
(2004) observe this relationship on cluster mass scales, with 
BCGs constituting 40-50 per cent of total light at poor- 
cluster mass scales, down to 5 per cent at rich-cluster mass 
scales. We observe a continuation of that effect here to very 
poor groups where the brightest galaxy makes up > 90 per 
cent of the total group luminosity (Figure ITU . 

In the hierarchical structure formation paradigm, the 
total luminosity of the group is expected to rise as the group 
accretes galaxies, such that the correlations between group 
mass, total isT-band luminosity and X-ray luminosity are re- 




|R-<R>|/r E 



Figure 9. The relationship between the offset of the BGG in posi- 
tion and velocity with respect to the luminosity-weighted centroid 
and the mean velocity determined by FOF. The symbols indicate 
early-type (closed points) and late-type (open point) BGGs, with 
those in G-sample groups as triangles, in H-sample groups as cir- 
cles and those in U-sample groups are marked by squares. 



safe to assume that the brightest galaxy in the group lies 
at rest with respect to its potential well once the group has 
com e into equilibr i um. 

iBrough et alJ d2002t) found that the if-band aperture 
magnitudes of BCGs at low redshifts (z < 0.1) are only 
weakly correlated w ith the X-ray luminosity of their host 
cluster. In contrast, lOsmond fc Ponmanl l)2004h find a 6a 
correlation between BGG luminosity and Lb (Tot) and a 
2.5a correlation with group X-ray luminosity. Here we find 
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Figure 10. The relationship between the if-band luminosity of 
the BGG, Lk(BGG), and the total if-band luminosity of the 
group, Lfc(tot). The symbols indicate early- type (closed points) 
and late-type (open point) BGGs, with those in G-sample groups 
as triangles, in H-sample groups as circles and those in U-sample 
groups are marked by squares. The la errors on the BGG and 
total if -band luminosities are of the order of the size of the points 
and are not therefore plotted. 



Figure 12. The relationship between the ratio of the K-band 
luminosity of the BGG, Lk{BGG), and the total K-band lumi- 
nosity of the group, (Tot) and Lj^(Tot). The symbols indicate 
early-type (closed points) and late-type (open point) BGGs, with 
those in G-sample groups as triangles, in H-sample groups as cir- 
cles and those in U-sample groups are marked by squares. The 
la errors on the BGG and total K-band luminosities are of the 
order of the size of the points and are not plotted. 
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Figure 11. The relationship between the if -band luminosity of 
the BGG, Lk(BGG), and the X-ray luminosity, ijf ( r 50o) °f its 
host group. The symbols indicate early-type (closed points) and 
late-type (open point) BGGs, with those in G-sample groups as 
triangles, in H-sample groups as circles and those in U-sample 
groups (both late-types) are marked by upper-limits. The error 
bars indicate la errors on the X-ray luminosities. The la errors 
on the ii"-band luminosity of the BGG are of the order of the size 
of the points and are not therefore plotted. 



tained. The correlation of the luminosity of the BGG with 
the total luminosity of the group (Figure 1101 then means 
that the BGGs themselves must have also accreted galax- 
ies. However, the dynamical time required for the accreted 
galaxies to fall in and merge with the central galaxy increases 
with increasing group mass. Above th e critical mass pre- 
dicted bv lCoorav fc Milosavlievicl i2005|) the accreted galax- 
ies have not had time to merge with the central galaxy, such 



that the fraction of group light in the BGG falls with in- 
creasing total group luminosity. 

The accretion of galaxies by the group, that are not can- 
nibalized by the BGG, will also affect the dominance of the 
BGG over the second brightest galaxy in the group. We only 
observe a weak correlation with total li ght of galaxies in the 
system (90.79 per cent), con sisten t with [psmondj£Pon manl 
J2004) . iLin fc MohJ <2004) and iMiles et all J2004D . Ho~ 
ever, the mean offset (Mk.i — Mk.2) = 1.53 ± 0.30 mag, 
is significantly higher than ILin fc Mohrl J2004) who find 
{M K ,i - M K ,2) = 0.66 ± 0.48 mag in their sample of 93 
BCGs. The increase in domination of the BGG into the 
group environment is consistent with lLoh fc Strauss] (120061) 
who find the dominance of BCGs to be more prominent in 
group-like environments than in cluster-like environments. 
The observation that BGGs are more dominant in the group 
environment than in the cluster environment adds evidence 
to the merging picture in which larger groups have accreted 
more galaxies but the BGG has yet to absorb the accreted 
members. 



9.1 Summary 

The BGGs of all the dynamically mature groups are early- 
type galaxies and lie within a group-centric radius of 0.3rsoo 
and ±0.6er„ in velocity of the FOF centroid. They are sig- 
nificantly brighter than the late-type BGGs. 

The luminosity of the BGGs increases with increasing 
total K-haiiA luminosity and X-ray luminosity of the group. 
However, the fraction of group light in the BGG and the 
dominance of the BGG over the second brightest galaxy fall 
with increasing total group luminosity. These properties are 
all consistent with the paradigm in which BGGs grow by 
mergers at early times in group evolution while the group 
continues to grow by accreting infalling galaxies. 
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10 A COMPOSITE GROUP 

The numbers of galaxies in each of our groups are few. 
Therefore, in order to study the group-wide properties sta- 
tistically it is necessary to stack the galaxies in each group 
to construct a composite group. To sample the same portion 
of the luminosity function of each group we cut the sample 
by absolute magnitude, based o n the apparent-ma gnitude 
limit of 2MASS (i.e. m K < 13.1: Ijarrett et alJl200(f) at the 
distance of the furthest group (NGC 3557), Mk ^ —20 mag. 
This creates a composite group with 113 galaxies. 

Owing to the size and number of regions studied it was 
unfeasible to obtain new photometric data. We therefore 
used HyperLEDA to obtain total B-band magnitudes and 
morphological T-types for the absolute magnitude-limited 
sample. This resulted in 112 galaxies with both B-band mag- 
nitudes and T-types. 

We also used the dataset to construct a field sample. 
Galaxies within ±2cr„ of the group defined by FOF, which 
were not defined to be members of that group or other 
groups in the same field, were selected to be field galax- 
ies. The velocity range was chosen such that galaxies in the 
same velocity range of the group would be at the same dis- 
tance so that accurate absolute magnitudes could be cal- 
culated. Above the absolute magnitude limit this gives 161 
field galaxies, of which 157 have both B-band magnitudes 
and T-types. 



10.1 Velocity Dispersion Profile 

The line-of-sight velocity dispersion as a function of the 
projected group-centric distance provides information on 
the velocity anisotropy of galaxy orbits. Clusters gener- 
ally have falling velocity dispersion profil es with radius, 
consistent with isotropic galaxy orbits (e.g. ICarlberg et alJ 
ll997tlGirardi et alJl2002t iLokas fc MamorjElOotl . However, 
at group scales ICarlberg et alJ (|200JJ) observed a rise in the 
projected velocity dispersion with radius. Using this to ex- 
amine the mass-to-light profile of their groups they con- 
cluded that galaxies contract within t heir dark matter haloes 
by dy n amical friction . In c ontrast, IZabludoff & Mu lchaevl 
( 1998?) ; iGirardi et all J2002I) and iParker et al l <2005h ob 
served falling velocity dispersion profiles in their group sam- 
ples, which are consistent with clusters. 

We have scaled our galaxy data by their group velocity 
dispersion and group size (as measured by their rsoo radius), 
binned the galaxies into equal number bins and applied the 
gapper algorithm (Equation to calculate robust velocity 
dispersions. The corresponding errors are estimated using 
the jackknife algorithm. The velocity dispersion profile of 
our composite group, illustrated in Figure 1131 extends to 
a radius > 2rsoo, much further than previous studies. We 
observe that the velocity dispersion profile falls with radius. 
The large error bars mean that it is not possible to determine 
any possible velocity anisotropy of the galaxy orbits with 
these data, however they are consistent with isotropic orbits. 



10.2 Magnitudes 

iMiles et alJ i2004li obtained deep B and 7?-band photome- 
try of 25 GEMS groups and found a difference in the lu- 
minosity function (LF) of galaxies in groups with X-ray 




Figure 13. The line-of-sight velocity dispersion, cr v (R) as a func- 
tion of the scaled projected group-centric distance, -R/rsoo, of our 
composite group. The error bars indicate la errors on the velocity 
dispersions. 



luminosities logioLx (Bol) < 41.7 erg s _1 in comparison 
to the LF of galaxies in groups with X-ray luminosities 
greater than this. They found a dip at —19 < Mb < —17 
(—20.5 < Mk < —23) in the LF of galaxies in groups with 
low X-ray luminosities, mainly associated with the early- 
type galaxies. They concluded that the dip is a result of 
current rapid dynamical evolution in the low X-ray lumi- 
nosity groups. 

Our sample has advantages over that of IMiles et alJ 

i2004h in that all of our galaxies are spectroscopically con- 
firmed as group members, our stacked group extends to 
larger radii (2rsoo in comparison to the 0.3rsoo of lMiles et alJ 
(2004)) and we also have a field sample with which to com- 
pare our group properties. However, we only study 15 groups 
to Mk = — 20 so the data is too shallow to conclusively ex- 
amine the LF of this sample, or further divide the sample 
by galaxy morphology. 

We examine the radial dependence of the magnitudes of 
the galaxies in our sample in Figure [T4l We divide the sample 
into high and low-Ljy g roups by the X-ray luminosity at 
which IMiles et all j2004h observe a separation in the galaxy 
populations: logio-Lx^soo) = 41.7 erg s -1 . 

Our composite group indicates that the mean galaxy 
magnitude fades with distance from the group centre. We 
also see that the mean magnitudes of the galaxies in high 
X-ray luminosity groups are fainter than those in low X-ray 
luminosity groups. This is in contrast to lMiles et alJ (l2004h 
who observed that the total B-band luminosity within a ra- 
dius of 0.3r5oo is lower and more concentrated in low-Lx 
groups. However, our result is consistent with observations 
that th e ratio of dwarf-to-gia n t gala x ies increases with group 
mass jFereuson fc Sandaeei Il99lt IZabludoff fc Mulchaevl 



l200otlWilman et alJl2005t fcellone fe Buzzonill2005li . We ex- 

plicitly examine this by calculating t he number of ga laxies 
with M < M* ('giants'; M* = -22.6: lKochanek et al.l200 ll) 
and M > M* ('dwarfs') in high- and low X-ray luminosity 
groups. We find dwarf-to-giant ratios of 1.71 ± 0.27 in high- 
Lx groups and 0.96 ± 0.2 in low X-ray luminosity groups, 
where the errors given are the poisson errors on these quan- 
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Figure 14. The relationship of Mr with scaled group ra- 
dius. The solid points indicate galaxies in high-Lx groups 
(logioLx ( r 50o) > 41.7 erg s — 1 ) and open points indicate galax- 
ies in lcw-Lx groups (logio-Lx (rsoo) < 41.7 erg s — 1 ). The solid 
line indicates the mean luminosity at each radius for high-Lx 
groups (thick black line) and low-Lx groups (thin black line), 
whilst the error bars show the error on the mean magnitude. The 
dashed line shows the mean luminosity in our field sample and 
the dotted lines indicate the error on this mean value. 



tities. Therefore, the fact that the mean magnitudes in high 
X-ray luminosity groups are fainter than those in low X-ray 
luminosity groups is an indication of the higher dwarf-to- 
giant ratio in this environme nt. We suggest tha t the mag- 
nitude difference observed bv lMiles et al] ((2004) is a result 
of the more numerous bright galaxies within R < 0.3rsoo in 
high-Lx groups compared to low-Lx groups (Figure tm . 



10.3 Colours 

Galaxy colour has been shown to depend on both luminos- 



the reddest (e.g. Fabcr 


1973llVisvanathan & Sandaedll977l 


Balogh ct al. 2004: Baldry et alj 


2004: Blanton et alJl2005f) 



and there are a higher fraction of red galaxies in the densest 
environments (e.g. Ocmrer]M74lQButcher & Oemlcr 1984; 



iGirardi et alj l2003: Balo gh et alJ l2004: Tan aka et alj |20041. 

Previous analyses of the group environment have found that 
the colo urs of galaxies in groups are redder than t hose in 
the field JGirardi et al]l2003 : lTovmassian et all2004l) . In or- 
der to examine the relationship between colour and environ- 
ment, we separate out the effects of luminosity by correcting 
the colours of the galaxies to the colour they would have 
at a specific magnitude based on the slope of the colour- 
magn itude relation (c.f. iKodama et alJl200lt iTanaka et al] 
2005). We therefore fit a colour-magnitude relation using 
the Buckley- James algorithm described above. The best-fit 
straight line to all 113 absolute-magnitude limited galaxies 
is described by: 



B — K = 



-0.21 ±0 03 Mk 



0.88, (14) 

with an rms scatter a = 0.49 mag, and is shown in Figure lTol 
We also fit a colour-magnitude relation to the field galaxies 
and find that this is consistent within the errors: 



Figure 15. B — K vs Mk colour-magnitude diagram. The solid 
line is a least-squares fit to the composite group data (solid points) 
given in Equation 1141 whilst the dashed line is a least-squares fit 
to the field data given in Equation 1151 Error bars indicate the 
errors on the 2MASS magnitudes and the combined errors on the 
colours. 



B-K 



-0.26 ±0 - 03 Mk 



2.2. 



(15) 



We correct the colours of the galaxies to a magnitude 
of Mk = —22 mag based on Equation 1141 i.e. B — K c = 
(B — K) — 0.21(Mif + 22). Examining the relationship of 
the normalised colours with scaled radius (Figure I16|l we 
observe a weak correlation of colour with radius (correlated 
at the 86 per cent level) such that galaxies further out are 
bluer than those in the centre of groups. A KS test indicates 
that the colours of the galaxies in the high-Lx environment 
are unlikely to be drawn from the same parent population 
as those galaxies in the low-Lx groups at the 95.4 per cent 
level. Comparing the two group populations to the field, 
the colours of the galaxies in the high-Lx environment are 
unlikely to have been drawn from the same population as 
those in the field at the 99.8 per cent level. In contrast, the 
colours of the galaxies in the low-Lx groups are unlikely 
to have been drawn from the same population as the field 
at only the 57 per cent level. It appears that the colours 
of galaxies in high X-ray luminosity groups are significantly 
redder than those in low X-ray luminosity groups, which are 
similar to those of galaxies in the field. 



10.4 Morphology 

The morphology- density relationship, and its close equiva- 
lent the morphology-radius relationship h ave been known 
to exist in cluster s for years (e.g. iDresslerl ll98Ct 
IWhitmore et al.lll993l) . 

In the group environment, iTran et alj l)200ll) and 
IWilman et al.1 i2005l) have shown that the fraction of early- 
type galaxies in groups is higher than the field and that 
fraction decreases from the group core to the outer re- 
gions consistent wi t h the situation in clusters. However, 
iHelsdon fc Ponmanl l|2003al) find that, although groups show 
similar spiral fractions to clusters within a virial radius, the 
group morphology-density relation is offset from the cluster 
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Figure 16. Relationship of B — K colour with scaled group radius 
(R/rsoo)- The colours are normalised to Mk = — 22 mag as de- 
scribed in the text. The solid points indicate galaxies in high-Lx 
groups (logio-Lx( r 50o) > 41.7 erg s — 1 ) and open points indicate 
galaxies in low-Lx groups (logioLx (7*500 ) < 41.7 erg s ). The 
solid line indicates the mean colour at each radius for high-Lx 
groups (thick black line) and low-Lx groups (thin black line), 
whilst the error bars show the error on the mean colour. The 
dashed line indicates the mean colour of field galaxies, also nor- 
malised to Mk = — 22 mag, whilst the dotted lines indicate the 
error on the mean of the field colours. 



relation. They conclude that this is a result of the projection 
of the 3D density onto the line of sight and a higher merging 
rate in the group environment. 

In Figure IT71 we show the distribution of the morpholo- 
gies with scaled group-centric radius. We observe that both 
high- and low X-ray luminosity groups have significantly 
higher fractions of early-type galaxies than the field value 
within a radius of rsoo- These fractions become equivalent 
to the field at radii larger than this. A KS test confirms this, 
indicating that the morphologies of the galaxies in groups 
within rsoo are not drawn from the same population as those 
in the field at the > 99.999 per cent level. 

We can also compare our group early-type fractions 
to those in clusters if we assume that passive galaxies are 
equivalent t o early-type galaxie s. Within a radius of r2oo 
(~ 1.5r5oo) iHilton et a.1.1 J2005t) find a fraction of passive 
galaxies of 0.76 ± 0.02 in high X-ray luminosity clusters and 
0.64 ± 0.02 for \aw-Lx clusters. For our groups we find an 
early-type fraction within a 1.5rsoo of 0.71 ± 0.04 for high 
X-ray luminosity groups and 0.51 ±0.08 for low-Lx groups, 
where the errors are poisson errors. There is a clear dif- 
ference between the high- and low-X-ray luminosity groups 
and a KS test confirms that the morphologies of galaxies in 
high-Lx groups are not drawn from the same population as 
those in low-Lx groups at the 97.34 per cent level. In com- 
parison to the clusters we find that the low-Lx groups have 
a lower early-type fraction than clusters and high-Lx groups 
have similar early-type fractions to the cluster environment. 
Howeve r, we bear in mind the work of Hel sdon fc Ponmanl 
(2003a) and add the caveat that these groups may not follow 
the same morphology-den sity relationship as clusters. 

IWilman et alJ (l2005t) observe an enhancement of the 
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Figure 17. The upper plot indicates the morphological T-types 
with scaled group-radius, solid points are galaxies in high X-ray 
luminosity groups (logioLx ( r 50o) > 41.7 erg s _1 ), open points 
in low X-ray luminosity groups (logioLx (^500 ) < 41.7 erg s — 1 ). 
The lower plot shows the early- type fraction (f ea rly'y proportion of 
galaxies with T-type ^0.0) with scaled group radius for galaxies 
in high-Lx groups (solid line), low-Lx groups (dashed line) and 
the field (dotted line). The error bars indicate poisson errors on 
each bin. 



fraction of passive galaxies in group environments in com- 
parison to the field at all magnitudes. Figure 1181 demon- 
strates that galaxies in high X-ray luminosity groups have 
higher early-type fractions than the field at all magnitudes, 
whereas the galaxies in low X-ray luminosity groups are 
more consistent with the field. A KS test confirms that the 
morphologies of galaxies in high-Lx groups are not drawn 
from the same population as those in the field at > 99.999 
per cent level. In contrast the galaxies in the low-Lx groups 
are consistent with not being drawn from the same popula- 
tion as those in the field at only the 58 per cent level. 

In summary, groups have higher fractions of early-type 
galaxies than the field at radii less than rsoo and similar 
fractions to the field at radii beyond this. The morphologies 
of galaxies in low X-ray luminosity groups are similar to 
those in the field whilst the morphologies of galaxies in the 
inner regions of high X-ray luminosity groups are similar to 
those in clusters. 



11 DISCUSSION AND CONCLUSIONS 

We have examined the properties of 16 galaxy groups from 
the G EMS sample llOsmond fc Ponmanll2004l : iForbes et alJ 
2006) which have additional wide-field HI observations (Kil- 
born et al. in preparation) . Using galaxy positions and reces- 
sion velocities from the 6dFGS DR2, NED and new recession 
velocities and positions from the HI observations, we deter- 
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Figure 18. The upper plot shows the distribution of mor- 
phological T- types with absolute magnitude, Mx, solid points 
are galaxies in high X-ray luminosity groups (logio-Lx (rsoo) > 
41.7 erg s — 1 ), open points in low X-ray luminosity groups 
(logioijf (»"50o) < 41.7 erg s _1 ). The lower plot shows the 
early-type fraction (f ear ly'i proportion of galaxies with T-type 
$C 0.0) for galaxies in high-Lx groups (solid line), low-Lx groups 
(dashed line) and the field (dotted line). The error bars indicate 
possion errors on each bin. 



mine group membership using a FOF algorithm. We show 
that the group properties we derive from that membership 
are robust to the choice of limiting number density contrast. 
However, we do not find a group at the position of th e NGC 
7144 group (determined bv lOsmond fc Ponmanl2004l) at any 
limiting density contrast. This region only has X-ray emis- 
sion from the halo of NGC 7144 itself. We, therefore, do not 
include this group in the rest of our analysis. 

We examined the dynamical parameters of the remain- 
ing 15 groups, finding that groups with higher X-ray lumi- 
nosities are more likely to show extended intra-group X-ray 
emission and bright early-type BGGs located near to the 
group centroid, than those groups with lower X-ray lumi- 
nosities. Our analysis suggests that the X-ray luminosities 
of these groups are more closely related to their dynami- 
cal properties than whether the groups show intra-group, 
galaxy halo or no detectab le X-ray emission as defined by 
lOsmond fc Ponmanl <2004l) . 

Investigating the scaling relations followed by the 
galaxy groups we find that groups with higher X-ray 
luminosities have higher velocity dispersions and masses 
than those with lower X-ray luminosities: Lx(?"50o) oc 
ff 3.n±o.S9 j and L x (r 500 ) oc Af£ 13±0 - 27 . These relationships 
are consistent with the predictions of self-similarity (e.g. 
iBorgani et ai]l2004l) . i.e. groups following the same scal- 
ing relations as clusters. We also find the virial mass to 
be proportional to the total A'-band luminosity in the sys- 
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indicating that the mass of the 



groups is increasing faster than their luminosity. This in- 
crease in the mass-to-light ratio is unlikely to be an effect 
of the stellar populations of galaxies as the 7f-band is more 
closely related to galaxy mass than other wavelengths (Proc- 
tor et al. in preparation). The fraction of early- type galaxies 
in the groups are correlated with both velocity dispersion 
and X-ray luminosity. 

We study the properties of the BGGs and their rela- 
tionship with their host group. We find that the BGGs of 
the dynamically mature groups are early-type galaxies that 
lie close to the spatial and velocity centroid of the group. 
In contrast, we find both early- and late-type BGGs in the 
dynamically immature groups and these lie at a range of spa- 
tial and velocity separations from their group centroids. The 
early-type BGGs are significantly brighter than the late- type 
BGGs. We observe that the luminosities of all the BGGs in- 
crease with increasing total if-band luminosity, X-ray lumi- 
nosity and velocity dispersion of their groups. However, the 
fraction of group light in the BGG, and the dominance of 
the BGG over the second brightest galaxy, fall with increas- 
ing total group luminosity. These properties are all consis- 
tent with the paradigm in which the group grows rapidly 
by accreting infalling galaxies but beyond a critical group 
mass the time for infalling galaxies to merge with the central 
galaxy is longer than a Hubble time, such that the growth 
of the BGG with respect to that of the group slows. 

In order to analyse the properties of the groups' con- 
stituent galaxies we stack the members of the 15 groups to 
create a composite group. In the composite group we ob- 
serve that galaxies are, in the mean, fainter, bluer and mor- 
phologically later-type galaxies with increasing radius from 
the group centroid. We divide the composite group sam- 
ple b y the X-ray lumino sity (logiol/x(»"5oo) = 41.7 erg s _1 ) 
which M iles et ail <|2004t) found to divide the properties of 25 
GEMS groups. Galaxies in groups with an X-ray luminosity 
brighter than this are redder with a higher giant-to-dwarf ra- 
tio, and a higher early-type fraction (close to that observed 
in clusters) than galaxies in \aw-Lx groups. We also observe 
that the colours of galaxies and early-type fractions in low 
X-ray luminosity groups are more closely related to those of 
galaxies in the field, than are galaxies in high-Lx groups. 

The examination of the composite group suggests that 
the properties of galaxies in the centres of low-mass groups 
are already different to those in the field, to account for the 
radial relationships observed. The galaxies in the centres 
of the groups are more likely to be bright, red, early-type 
galaxies than the galaxies in our field sample, even in the 
dynamically younger groups that do not have large velocity 
dispersions and are not generally observed to display halos 
of hot X-ray emitting gas. This suggests that m ultiple, high- 
speed galaxy-galaxy encounters ('harassment': iMoore et al] 
1996) and ra m pressure stripp ing by a dense intra-group 
medium (e.g. lQuilis et al.ll200fj) cannot be playing a role in 
creating the observed differences in these low-mass groups. 

Possible mechanisms for these differences include stran- 
gulation and merging. Strangulation stems from current the- 
ories of galaxy formation that suggest that isolated galax- 
ies continuously draw gas from a hot diffuse reservoir in 
their dar k matter halo with which to maint ain star forma- 
tion (e.g. lLarson et alll98fifCole et all200ch . Access to this 
reservoir may be halted by the galaxy falling into a group, 
thereby quenching its star formation. The galaxy will then 
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slowly fade and redden over ~ lGyr. However, the reservoirs 
are t oo cold and diffuse to be observed (e.g. iBenson et alJ 
2000). In contrast, galaxy mergers occur over much shorter 
timescales, ~ 100 Myr: Once a group has formed by gravi- 
tational collapse, the system relaxes thereafter by two-body 
interactions, with dynamical friction causing galaxies to fall 
into the centre of the group and decelerate. This deceleration 
is proportional to the inverse of the difference in velocity be- 
tween the galaxies and is therefore more likely in low- velocity 
dispersion groups (although there is also a dependence on 
the number of members a group has). Galaxy-galaxy merg- 
ers are therefore more likely in the low velocity dispersion 
groups. 

The differences observed between field and group galax- 
ies are stronger in higher mass groups, such that the proper- 
ties of galaxies in this environment are already close to those 
in clusters. The dynamical analysis of all the groups suggests 
that the higher mass groups are more dynamically mature. 
We therefore conclude that the higher early-type fractions 
and dwarf-to-giant ratios and redder galaxies in higher mass 
groups are a result of galaxy-galaxy mergers at earlier epochs 
in smaller mass groups which have since merged to become 
the group we observe today, whilst, due to their lower veloc- 
ity dispersions, the less massive groups are still undergoing 
mergers today. However, the properties of all the galaxies 
in the groups are unlikely to be due to mergers. We there- 
fore conclude that strangulation, or some further mechanism 
may play some role and look to our second paper (Kilborn et 
al. in preparation) examining the neutral hydrogen in these 
groups to further understand the mechanisms acting in this 
environment. 
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APPENDIX A: GROUP MEMBERS 

APPENDIX B: SPATIAL DISTRIBUTION OF 
GROUPS 

This paper has been typeset from a Tp^X/ F/TgX file prepared 
by the author. 
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Table Al. Details of the galaxies in each group. R gc is the group-centric radius of each galaxy from the centre calculated by the FOF 
algorithm. New galaxies found in HI are named GEMS-groupname-number. Dashes indicate where information is not available. 



Galaxy Name 


6dFGS ID 


RA (J2000) 


Dec (J2000) 


v (km s 1 ) 


m K (mag) 


R gc (Mpc) 


T-type 


NGC 524 


UGC 00896 




1:21:27.40 


9:10:47.30 


2042 


13.50±0.111 


0.325 


8.0 


NGC 0489 




1:21:53.90 


9:12:23.60 


2507 


9.61±0.179 


0.281 


5.0 


CGCG 411-038 




1:22:31.82 


9:16:53.20 


2636 


13.43±0.287 


0.213 


0.0 


MCG +01-04-042 




1:22:54.30 


8:51:17.00 


2219 


13.50±0.184 


0.297 


0.0 


NGC 0502 




1:22:55.54 


9: 2:57.10 


2489 


10.28±0.069 


0.235 


-2.0 


NGC 0509 




1:23:24.09 


9:26: 0.80 


2274 


10.99±0.410 


0.114 


-1.7 


NGC 0516 




1:24: 8.07 


9:33: 6.10 


2432 


10.63±0.410 


0.045 


-1.7 


IC 0101 




1:24: 8.55 


9:55:49.90 


2404 


12.13±0.132 


0.173 


3.0 


NGC 0518 




1:24:17.64 


9:19:51.40 


2725 


9.92±0.113 


0.069 


1.0 


NGC 0522 




1:24:45.85 


9:59:40.70 


2725 


9.44±0.086 


0.195 


4.1 


NGC 0524 




1:24:47.72 


9:32:19.80 


2379 


7.24±0.218 


0.029 


-1.2 


NGC 0532 




1:25:17.34 


9:15:50.80 


2361 


8.96±0.367 


0.116 


2.0 


IC 0114 




1:26:22.58 


9:54:35.80 


2275 


11.39±0.108 


0.240 


-2.0 


UGC 01019 




1:26:38.94 


10:17:14.00 


2182 


13.50±0.100 


0.369 


8.9 


LEDA 093841 




1:27:37.30 


8:50:24.00 


2435 


13.50±0.100 


0.394 


0.0 


UGC 01050 




1:28:12.80 


10:26: 2.00 


2396 


13.50±0.001 


0.510 


8.0 


NGC 720 


KUG 0150-138 




1:52:36.06 


-13:34:39.70 


1374 


13.50±0.225 


0.106 


0.0 


2MASX J01524752-1416211 


6dF J0152475-141621 


1:52:47.53 


-14:16:21.40 


1448 


11.48±0.328 


0.223 


0.0 


NGC 0720 


6dF J0153005-134419 


1:53: 0.49 


-13:44:19.00 


1663 


7.40±0.401 


0.021 


-4.9 


2MASX J01535632-1350125 




1:53:56.32 


-13:50:12.60 


1496 


12.40±0.217 


0.100 


0.0 


MCG -02-05-072 




1:54: 3.15 


-14:15:10.70 


1423 


10.34±0.555 


0.238 


0.3 


6dF J0154050-135421 


6dF J0154050-135421 


1:54: 5.04 


-13:54:21.20 


1321 


13.50±0.100 


0.126 


99.9 


NGC 1052 


[RC3] 0231.5-0635 




2:33:57.04 


-6:21:36.20 


1410 


13.50±0.100 


0.766 


99.9 


USGC S092 NED09 




2:35:28.79 


-7: 8:59.00 


1532 


13.50±0.100 


0.535 


99.9 


6dF J0235320-070936 


6dF J0235320-070936 


2:35:32.00 


-7: 9:36.30 


1554 


13.50±0.100 


0.530 


99.9 


NGC 0991 




2:35:32.69 


-7: 9:16.00 


1532 


11.18±0.361 


0.530 


5.0 


NGC 1022 




2:38:32.70 


-6:40:38.70 


1453 


8.64±0.367 


0.440 


1.1 


SDSS J023848.50-080257.7 




2:38:48.50 


-8: 2:57.70 


1665 


13.50±0.100 


0.240 


99.9 


NGC 1035 




2:39:29.09 


-8: 7:58.60 


1241 


9.13±0.465 


0.201 


5.1 


6dF J0239299-080821 


6dF J0239299-080821 


2:39:29.92 


-8: 8:21.10 


1393 


13.50±0.100 


0.201 


99.9 


NGC 1042 


6dF J0240240-082601 


2:40:23.97 


-8:26: 1.00 


1411 


9.45±0.576 


0.217 


6.1 


UGCA 038 




2:40:30.19 


-6: 6:23.00 


1327 


13.50±0.100 


0.549 


9.0 


NGC 1047 




2:40:32.84 


-8: 8:51.60 


1340 


11.38±0.173 


0.137 


-0.7 


NGC 0961 




2:41: 2.46 


-6:56: 9.10 


1295 


13.50±0.100 


0.286 


99.9 


NGC 1052 


6dF J0241048-081521 


2:41: 4.80 


-8:15:21.00 


1591 


7.51±0.360 


0.144 


-4.8 


SDSS J024120.22-071706.0 




2:41:20.22 


-7:17: 6.00 


1663 


13.50±0.100 


0.173 


99.9 


[VC94] 023858-0820.4 




2:41:25.53 


-8: 7:36.70 


1412 


13.50±0.100 


0.097 


99.9 


SDSS J024129.37-072046.0 




2:41:29.37 


-7:20:46.00 


1145 


13.50±0.100 


0.153 


99.9 


2MASX J02413514-0810243 


6dF J0241351-081025 


2:41:35.11 


-8:10:24.60 


1556 


13.15±0.100 


0.109 


0.0 


SDSS J024149.95-075530.1 




2:41:49.96 


-7:55:30.00 


1372 


13.50±0.100 


0.031 


99.9 


SDSS J024246.84-073230.3 




2:42:46.84 


-7:32:30.40 


1344 


13.50±0.100 


0.122 


99.9 


MCG -01-08-001 




2:43:42.80 


-6:39: 5.00 


1410 


13.50±0.100 


0.401 


9.8 


NGC 1084 




2:45:59.93 


-7:34:43.10 


1407 


8.01±0.665 


0.344 


5.1 


SHOC 137 


6dF J0248158-081724 


2:48:15.83 


-8:17:23.90 


1405 


13.50±0.100 


0.533 


99.9 


SDSS J024839.95-074848.3 




2:48:39.96 


-7:48:48.30 


1465 


13.50±0.100 


0.545 


99.9 


SHOC 138a 




2:49: 9.32 


-7:50:27.40 


1288 


13.50±0.100 


0.583 


99.9 


NGC 1110 




2:49: 9.57 


-7:50:15.20 


1333 


13.50±0.273 


0.583 


8.8 


SHOC 138b 




2:49:10.79 


-7:49:24.50 


1368 


13.50±0.100 


0.585 


99.9 


SDSS J024911. 16-082828.7 




2:49:11.16 


-8:28:28.80 


1430 


13.50±0.100 


0.620 


99.9 


SDSS J024913.41-080653.2 




2:49:13.42 


-8: 6:53.20 


1369 


13.50±0.100 


0.595 


99.9 


2MASX J02400428-0744217 


6dF J0240043-074422 


2:40: 4.28 


-7:44:22.00 


1309 


13.09±0.100 


0.133 


0.0 
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Galaxy Name 


6dFGS ID 


RA (J2000) 


Dec (J2000) 


v (km s 1 ) 


m K (mag) 


R gc (Mpc) 


T-type 


NGC 1332 


NGC 1315 


6dF J0323066-212231 


3:23: 6.60 


-21:22:30.70 


1596 


9.94+0.474 


0.249 


-1.0 


NGC 1325 


6dF J0324256-213238 


3:24:25.57 


-21:32:38.30 


1589 


8.83+0.169 


0.144 


4.2 


NGC 1325A 




3:24:48.50 


-21:20:10.00 


1333 


14.03+0.517 


0.095 


6.6 


ESO 548- G Oil 




3:24:55.30 


-21:47: 2.00 


1453 


13.50+0.104 


0.173 


8.4 


2MASX J03255262-2117204 


6dF J0325526-211721 


3:25:52.62 


-21:17:20.60 


1427 


11.77±0.100 


0.029 


0.0 


NGC 1332 




3:26:17.32 


-21:20: 7.30 


1524 


7.12+0.368 


0.042 


-3.1 


NGC 1331 


6dF J0326283-212120 


3:26:28.34 


-21:21:20.30 


1241 


10.87±0.202 


0.057 


-4.7 


2MASX J03263135-2113003 




3:26:31.31 


-21:13: 0.60 


1548 


11.26±0.091 


0.083 


-2.5 


2MASX J03273556-2113417 


6dF J0327356-211341 


3:27:35.57 


-21:13:41.40 


1744 


12.12±0.100 


0.167 


99.9 


6dF J0327422-214159 


6dF J0327422-214159 


3:27:42.16 


-21:41:58.60 


1294 


13.50+0.100 


0.208 


99.9 


NGC 1407 


NGC 1383 


6dF J0337392-182022 


3:37:39.24 


-18:20:22.10 


2008 


9.51+0.427 


0.336 


-1.9 


NGC 1390 




3:37:52.17 


-19: 0:30.10 


1207 


11.70+0.209 


0.350 


1.2 


NGC 1393 




3:38:38.58 


-18:25:40.70 


2127 


9.31±0.475 


0.241 


-1.7 


ESO 548- G 063 


6dF J0339348-200053 


3:39:34.78 


-20: 0:53.30 


2047 


12.18+0.162 


0.555 


3.7 


ESO 548- G 064 


6dF J0340001-192535 


3:40: 0.08 


-19:25:34.70 


1873 


11.03+0.212 


0.339 


-2.7 


ESO 548- G 065 




3:40: 2.70 


-19:21:59.80 


1221 


13.21+0.138 


0.317 


1.3 


IC 0343 




3:40: 7.14 


-18:26:36.50 


1841 


10.65+0.262 


0.109 


-0.8 


NGC 1407 




3:40:11.90 


-18:34:49.40 


1779 


6.86+0.453 


0.095 


-4.9 


2MASX J03401592-1904544 


6dF J0340159-190454 


3:40:15.93 


-19: 4:54.40 


1613 


12.26+0.297 


0.213 


-3.5 


ESO 548- G 068 




3:40:19.17 


-18:55:53.40 


1693 


10.43+0.225 


0.162 


-2.6 


2MASX J03404323-1838431 


6dF J0340432-183843 


3:40:43.23 


-18:38:43.10 


1373 


12.36+0.170 


0.059 


-1.6 


2MASX J03405272-1828410 


6dF J0340527-182841 


3:40:52.73 


-18:28:40.80 


1678 


12.70+0.084 


0.042 


-1.4 


ESO 548- G 072 




3:41: 0.28 


-19:27:19.40 


2034 


13.50+0.124 


0.331 


5.0 


ESO 548- G 073 


6dF J0341044-190540 


3:41: 4.41 


-19: 5:40.00 


989 


12.91+0.212 


0.199 


3.3 


IC 0345 


6dF J0341091-181851 


3:41: 9.13 


-18:18:50.90 


1244 


11.22+0.249 


0.086 


-2.0 


ESO 548- G 076 


6dF J0341318-195419 


3:41:31.81 


-19:54:18.50 


1544 


11.88+0.362 


0.495 


-1.3 


IC 0346 




3:41:44.66 


-18:16: 1.10 


2013 


10.04+0.533 


0.113 


-0.5 


6dF J0341498-193453 


6dF J0341498-193453 


3:41:49.82 


-19:34:52.50 


1913 


13.50+0.100 


0.380 


99.9 


ESO 548- G 079 


6dF J0341561-185343 


3:41:56.08 


-18:53:42.60 


2029 


11.11+0.445 


0.141 


-1.2 


ESO 549- G 002 




3:42:57.34 


-19: 1:12.40 


1111 


13.50+0.323 


0.232 


9.5 


APMBGC 549+118-079 




3:44: 2.46 


-18:28:18.30 


1979 


13.50+0.100 


0.257 


99.9 


ESO 549- G 007 


6dF J0344115-191910 


3:44:11.48 


-19:19: 9.90 


1478 


13.50+0.121 


0.389 


-1.4 


NGC 1440 




3:45: 2.91 


-18:15:57.70 


1597 


8.28+0.699 


0.362 


-1.9 


NGC 1452 




3:45:22.31 


-18:38: 1.10 


1737 


8.77+0.206 


0.378 


0.2 


NGC 1566 


NGC 1546 


6dF J0414364-560340 


4:14:36.38 


-56: 3:39.51 


1238 


8.17+0.592 


0.164 


-0.6 


NGC 1549 


6dF J0415451-553532 


4:15:45.13 


-55:35:32.10 


1202 


6.88+0.113 


0.058 


-4.8 


NGC 1553 


6dF J0416105-554648 


4:16:10.47 


-55:46:48.00 


1172 


6.35+0.218 


0.029 


-2.0 


IC 2058 




4:17:54.35 


-55:55:58.40 


1379 


10.99+0.240 


0.197 


6.8 


NGC 1808 


NGC 1792 


6dF J0505144-375851 


5: 5:14.41 


-37:58:50.50 


1176 


7.09+0.170 


0.025 


4.0 


2MASX J05061389-3803154 


6dF J0506139-380316 


5: 6:13.89 


-38: 3:15.60 


855 


11.72+0.382 


0.065 


0.0 


NGC 1808: [AB70] C 


6dF J0507423-373046 


5: 7:42.34 


-37:30:46.10 


969 


13.50+0.100 


0.205 


99.9 


ESO 305- G 009 




5: 8: 7.62 


-38:18:33.51 


1021 


13.50+0.902 


0.225 


8.0 


2MASX J 05081 153-3657351 


6dF J0508115-365735 


5: 8:11.51 


-36:57:35.30 


1073 


12.92+0.100 


0.350 


0.0 


NGC 1827 


6dF J0510046-365737 


5:10: 4.11 


-36:57:34.90 


1037 


10.34+0.336 


0.444 


5.9 
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Table A3. Continued. 



Galaxy Name 


6dFGS ID 


RA (J2000) 


Dec (J2000) 


v (km s 1 ) 


m K (mag) 


R gc (Mpc) 


T-type 


NGC 3557 


ESO 377- G 012 


6dF J1108198-373726 


11: 8:19.76 


-37:37:26.10 


3486 


10.22±0.398 


0.322 


1.9 


NGC 3557:[ZM2000] 0038 




11: 8:50.20 


-37:22:39.00 


3062 


13.50±0.100 


0.239 


99.9 


NGC 3557:[ZM2000] 0097 




11: 9: 6.50 


-37:13: 4.00 


2751 


13.50±0.100 


0.275 


99.9 


NGC 3557:[ZM2000] 0047 




11: 9: 8.40 


-37:43:32.00 


3146 


13.50±0.100 


0.225 


99.9 


NGC 3557:[ZM2000] 0016 




11: 9:10.80 


-37:23:59.00 


3183 


13.50±0.100 


0.175 


99.9 


NGC 3557:[ZM2000] 0025 




11: 9:21.80 


-37:27:48.00 


2772 


13.50±0.100 


0.125 


99.9 


NGC 3557:[ZM2000] 0049 




11: 9:27.70 


-37:38:43.00 


2640 


13.50±0.100 


0.141 


99.9 


NGC 3557B 


6dF J1109321-372059 


11: 9:32.13 


-37:20:58.70 


2937 


9.17±0.551 


0.150 


-4.7 


2MASX J11093481-3737266 


6dF J1109355-373729 


11: 9:35.57 


-37:37:28.90 


2902 


13.55±0.100 


0.113 


99.9 


NGC 3557 


6dF J1109577-373221 


11: 9:57.65 


-37:32:21.00 


3031 


7.28±0.121 


0.021 


-5.0 


NGC 3557:[ZM2000] 0017 




11:10:13.60 


-37:24:55.01 


2447 


13.50±0.100 


0.084 


99.9 


NGC 3564 


6dF J1110364-373251 


11:10:36.38 


-37:32:51.30 


2779 


9.00±0.101 


0.114 


-2.0 


NGC 3568 


6dF J1110486-372652 


11:10:48.57 


-37:26:52.30 


2440 


9.26±0.585 


0.157 


5.1 


NGC 3557:[ZM2000] 0032 




11:11:42.70 


-37:32:10.00 


2623 


13.50±0.100 


0.317 


99.9 


NGC 3783 


ESO 320- G 004 


6dF J1134436-381503 


11:34:43.62 


-38:15: 3.20 


2829 


11.94±0.200 


0.397 


5.0 


2MASX J11351493-3755309 


6dF J1135149-375531 


11:35:14.92 


-37:55:30.70 


2823 


13.15±0.100 


0.250 


0.0 


NGC 3742 


6dF J1135325-375723 


11:35:32.51 


-37:57:23.01 


2715 


8.79±0.175 


0.206 


1.9 


AM 1133-374 




11:35:45.70 


-38: 1:19.99 


2870 


13.50±0.100 


0.185 


99.9 


NGC 3749 


6dF J1135532-375951 


11:35:53.21 


-37:59:50.50 


2742 


8.77±0.191 


0.161 


0.9 


ESO 320- G 013 


6dF J1137199-380551 


11:37:19.86 


-38: 5:51.21 


3018 


13.50±0.118 


0.145 


3.0 


6dF J1138589-380042 


6dF J1138589-380042 


11:38:58.91 


-38: 0:41.90 


2685 


13.50±0.100 


0.344 


99.9 


NGC 3783 


6dF J1139017-374419 


11:39: 1.72 


-37:44:18.90 


2817 


8.71±0.316 


0.360 


1.8 


GEMS N3783-8 




11:38: 1.80 


-37:57: 0.10 


2983 


13.50±0.100 


0.190 


99.9 


NGC 3923 


ESO 440- G 004 




11:45:41.88 


-28:21:59.50 


1842 


13.50±0.090 


0.445 


8.0 


ESO 504- G 014 




11:46:23.53 


-27:15: 4.30 


1645 


13.50±0.106 


0.638 


0.0 


NGC 3885 


6dF J 1146465-275520 


11:46:46.49 


-27:55:19.80 


2094 


8.44±0.983 


0.430 


0.2 


6dF J 1146465-280737 


6dF J1146465-280737 


11:46:46.50 


-28: 7:37.20 


2157 


13.50±0.100 


0.386 


99.9 


6dF J1147555-281157 


6dF J1147555-281157 


11:47:55.51 


-28:11:56.70 


1414 


13.50±0.100 


0.282 


99.9 


6dF J1148198-290400 


6dF J1148198-290400 


11:48:19.82 


-29: 4: 0.30 


1894 


13.50±0.100 


0.242 


99.9 


UGCA 247 


6dF J1148456-281734 


11:48:45.62 


-28:17:34.90 


1978 


13.50±0.340 


0.200 


6.8 


ESO 504- G 017 


6dF J 1148464-272245 


11:48:46.31 


-27:22:45.00 


1874 


11.64±0.512 


0.497 


5.0 


ESO 440- G 012 


6dF J1148584-282641 


11:48:58.42 


-28:26:40.50 


1540 


13.50±0.351 


0.150 


0.0 


NGC 3904 


6dF J1149132-291636 


11:49:13.23 


-29:16:36.90 


1685 


7.76±0.353 


0.254 


-5.0 


ESO 440- G 014 


6dF J1150032-284017 


11:50: 3.20 


-28:40:17.10 


1888 


13.50±0.179 


0.028 


0.0 


ESO 440- G 015 


6dF J1150117-283041 


11:50:11.70 


-28:30:41.20 


1865 


12.57±0.394 


0.055 


0.2 


ESO 440- G 016 


6dF J1150198-283231 


11:50:19.84 


-28:32:31.30 


2158 


12.07±0.344 


0.042 


-2.0 


2MASX J11503040-2852202 


6dF J1150304-285220 


11:50:30.40 


-28:52:20.30 


1661 


11.76±0.100 


0.082 


-5.0 


NGC 3923 


6dF J1151017-284821 


11:51: 1.74 


-28:48:21.20 


1808 


6.64±0.117 


0.085 


-4.8 


6dF J1151122-271459 


6dF J1151122-271459 


11:51:12.15 


-27:14:59.20 


1675 


13.50±0.100 


0.529 


99.9 


2MASX J11513759-2847291 


6dF J1151376-284729 


11:51:37.61 


-28:47:29.10 


1841 


12.97±0.328 


0.129 


-5.0 


6dF J1151533-281047 


6dF J1151533-281047 


11:51:53.27 


-28:10:46.80 


1423 


13.50±0.100 


0.228 


99.9 


2MASX J11521217-2912554 


6dF J1152122-291256 


11:52:12.19 


-29:12:55.80 


1823 


13.72±0.100 


0.270 


0.0 


NGC 3936 


6dF J1152206-265421 


11:52:20.59 


-26:54:21.20 


2011 


9.07±0.193 


0.676 


4.3 


ESO 440- G 023 


6dF J1152334-290719 


11:52:33.40 


-29: 7:19.40 


1912 


13.50±0.260 


0.269 


3.0 


UGCA 250 


6dF J1153241-283311 


11:53:24.06 


-28:33:11.40 


1700 


9.71±0.088 


0.287 


6.8 


2MASX Jl 1532725-2833064 


6dF J1153273-283306 


11:53:27.25 


-28:33: 6.00 


1664 


12.20±0.100 


0.291 


99.9 


ESO 504- G 024 




11:53:37.89 


-26:59:44.90 


1894 


13.50±0.123 


0.688 


8.9 


ESO 504- G 025 




11:53:50.64 


-27:21: 0.00 


1637 


13.50±0.797 


0.584 


8.7 


ESO 504- G 028 


6dF J1154544-271505 


11:54:54.41 


-27:15: 4.70 


2077 


11.95±0.173 


0.672 


6.9 


ESO 440- G 030 




11:55:25.58 


-28:44: 8.30 


1821 


13.50±0.267 


0.473 


3.0 


FLASH J115712.00-280934.8 




11:57:12.00 


-28: 9:34.80 


1837 


13.50±0.100 


0.663 


99.9 


ESO 504- G 030 


6dF J1157149-274200 


11:57:14.90 


-27:42: 0.30 


1841 


13.50±0.115 


0.733 


7.6 


[KK2000] 47 




11:57:30.77 


-28: 7:27.20 


2125 


13.50±0.100 


0.695 


99.9 
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Table A4. Continued. 



Galaxy Name 


6dFGS ID 


RA (J2000) 


Dec (J2000) 


v (km s 1 ) 


m K (mag) 


R gc (Mpc) 


T-type 


NGC 4636 


Mpn AKAA 
IN KjKj 4044 




Iz.oO.oD.DU 


o. Z. 4.oU 




J_U.Z-ZitU.UOO 


n a fin 

U.4DU 


U.o 


NGC 4580 




12:37:48.39 


5:22: 6.70 


1034 


8.92±0.218 


0.646 


1.6 


NGC 4586 




12:38:28.40 


4:19: 8.70 


794 


8.63±0.107 


0.422 


1.0 


NGC 4587 




12:38:35.44 


2:39:26.70 


901 


10.54±0.080 


0.296 


-2.0 


NGC 4600 




12:40:22.99 


3: 7: 3.80 


852 


9.95±0.220 


0.178 


-1.9 


VCC 1920 




12:42:21.25 


2: 3:59.30 


1311 


12.94±0.854 


0.236 


-2.0 


NGC 4630 




12:42:31.16 


3:57:37.10 


737 


10.19±0.224 


0.227 


9.5 


NGC 4636 




12:42:49.87 


2:41:16.00 


938 


6.63±0.196 


0.087 


-4.8 


VCC 1947 




12:42:56.32 


3:40:35.30 


974 


11.19±0.355 


0.156 


-5.0 


NGC 4643 




12:43:20.14 


1:58:42.10 


1273 


7.47±0.189 


0.249 


-0.1 


NGC 4665 




12:45: 5.97 


3: 3:20.60 


785 


7.52±0.325 


0.104 


-0.1 


NGC 4688 




12:47:46.46 


4:20: 9.90 


986 


11.67±0.638 


0.406 


6.0 


CGCG 043-030 




12:47:59.82 


4:41:41.30 


1023 


12.99±0.870 


0.482 


0.0 


NGC 4701 




12:49:11.57 


3:23:19.40 


723 


9.96±0.244 


0.357 


5.6 


NGC 4713 




12:49:57.87 


5:18:41.10 


652 


9.97±0.288 


0.669 


6.7 


NGC 4765 




12:53:14.42 


4:27:47.20 


716 


10.94±0.146 


0.678 


0.2 


NGC 4808 




12:55:48.95 


4:18:14.80 


778 


9.15±0.086 


0.799 


6.0 


NGC 5044 


2MASX J13115849-1644541 


6dF J1311585-164454 


13:11:58.49 


-16:44:54.10 


2907 


12.03±0.569 


0.396 


0.0 


NGC 5010 




13:12:26.35 


-15:47:52.30 


2975 


9.38±0.354 


0.491 


-0.9 


MCG -03-34-014 




13:12:35.43 


-17:32:32.70 


2760 


8.94±0.101 


0.594 


5.0 


NGC 5017 


6dF J1312545-164557 


13:12:54.50 


-16:45:57.00 


2451 


9.37±0.166 


0.288 


-4.1 


MCG -03-34-019 


6dF J1313055-162841 


13:13: 5.48 


-16:28:41.30 


1989 


10.79±0.658 


0.241 


-1.9 


MCG -03-34-020 




13:13:12.48 


-16: 7:50.10 


2663 


11.03±0.594 


0.302 


-2.8 


LEDA 083798 




13:13:28.42 


-16:18:52.90 


2682 


13.50±0.134 


0.220 


7.0 


MCG -03-34-022 




13:13:32.24 


-17: 4:43.40 


2929 


10.16±0.200 


0.332 


1.0 


6dF J1313501-173048 


6dF J1313501-173048 


13:13:50.08 


-17:30:47.80 


2223 


13.50±0.100 


0.518 


99.9 


NGC 5030 




13:13:54.15 


-16:29:27.40 


2535 


9.97±0.174 


0.138 


-1.1 


2MASX J13135622-1616244 


6dF J1313562-161624 


13:13:56.23 


-16:16:24.40 


2445 


12.21±0.116 


0.186 


-3.0 


2MASXi J1313594-162303 




13:13:59.52 


-16:23: 3.80 


2411 


13.50±0.100 


0.145 


99.9 


NGC 5031 




13:14: 3.22 


-16: 7:23.20 


2839 


9.33±0.095 


0.238 


-1.1 


LEDA 083813 




13:14: 7.40 


-16:25:35.80 


2661 


13.50±0.121 


0.121 


-5.0 


2MASX J13141733-1626189 




13:14:17.36 


-16:26:19.50 


2462 


12.51±0.121 


0.099 


-5.0 


MCG -03-34-025 


6dF J1314304-173201 


13:14:30.42 


-17:32: 0.90 


2517 


11.70±0.100 


0.511 


0.2 


2MASX J13143485-1629289 


6dF J1314349-162929 


13:14:34.86 


-16:29:28.90 


2397 


12.28±0.109 


0.054 


-5.0 


NGC 5035 




13:14:49.23 


-16:29:33.70 


2181 


9.76±0.431 


0.028 


-0.9 


NGC 5037 




13:14:59.37 


-16:35:25.10 


1887 


8.60±0.262 


0.030 


1.1 


NGC 5038 




13:15: 2.13 


-15:57: 6.50 


2222 


9.57±0.247 


0.293 


-1.8 


2MASX J13150409-1623391 


6dF J1315041-162339 


13:15: 4.08 


-16:23:39.30 


1977 


12.67±0.496 


0.070 


-5.0 


MCG -03-34-033 




13:15:17.57 


-16:29:10.20 


3442 


11.26±0.627 


0.046 


-0.9 


NGC 5044 




13:15:23.97 


-16:23: 7.90 


2704 


7.84±0.394 


0.091 


-4.9 


2MASX J13153203-1628509 


6dF J1315320-162851 


13:15:32.04 


-16:28:51.10 


3249 


12.02±0.107 


0.075 


-3.0 


NGC 5046 




13:15:45.12 


-16:19:36.60 


2214 


10.36±0.216 


0.142 


-5.0 


NGC 5049 




13:15:59.30 


-16:23:49.80 


2744 


9.58±0.574 


0.145 


-2.0 


2MASX J13164875-1620397 


6dF J1316488-162040 


13:16:48.75 


-16:20:39.70 


2619 


12.07±0.130 


0.250 


-1.5 


MCG -03-34-040 


6dF J1316562-163535 


13:16:56.23 


-16:35:34.70 


2112 


12.90±0.108 


0.250 


7.8 


NGC 5054 




13:16:58.49 


-16:38: 5.50 


1741 


7.82±0.556 


0.258 


4.0 


MCG -03-34-041 




13:17: 6.13 


-16:15: 7.90 


2628 


10.76±1.477 


0.303 


5.1 


LCSB S18510 


6dF J1317364-163225 


13:17:36.37 


-16:32:25.30 


2919 


12.17±0.100 


0.332 


99.9 


GEMS N5044-1 




13:14: 9.93 


-16:41:41.60 


3074 


13.50±0.100 


0.132 


99.9 
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Table A5. Continued. 



Galaxy Name 


6dFGS ID 


RA (J2000) 


Dec (J2000) 


v (km s 1 ) 


m K (mag) 


R gc (Mpc) 


T-type 


HCG 90 


ESO 466- G 025 


6dF J2158245-321411 


21:58:24.45 


-32:14:11.50 


2497 


12.00±0.271 


0.608 


3.0 


2dFGRS S407Z170 


- 


21:59: 0.59 


-31:45: 3.20 


2492 


13.50±0.170 


0.498 


0.0 


ESO 466- G 029 


- 


21:59:15.46 


-31:13:42.70 


2772 


13.50±0.200 


0.630 


0.0 


2dFGRS S407Z162 


- 


21:59:15.50 


-31:13:18.60 


2832 


13.50±0.100 


0.633 


0.0 


NGC 7163 


6dF J2159204-315259 


21:59:20.45 


-31:52:59.30 


2737 


10.06±0.483 


0.434 


2.1 


MCG -05-52-001 


- 


21:59:56.62 


-31:27:42.60 


2540 


11.85±0.224 


0.451 


0.0 


ESO 404- G 018 


- 


22: 1:10.16 


-32:34:43.69 


2268 


13.50±0.252 


0.428 


6.7 


ESO 466- G 036 


- 


22: 1:20.46 


-31:31:46.90 


2559 


11.16±0.831 


0.283 


0.8 


2dFGRS S408Z202 


- 


22: 1:21.44 


-31:31:52.90 


2457 


13.50±0.100 


0.281 


99.9 


DUKST 466-064 


- 


22: 1:29.79 


-31:57:46.90 


2760 


13.50±0.175 


0.095 


0.0 


NGC 7172 


6dF J2202019-315211 


22: 2: 1.87 


-31:52:11.10 


2557 


8.39±0.172 


0.044 


1.2 


NGC 7173 


- 


22: 2: 3.19 


-31:58:25.30 


2497 


9.07±0.516 


0.023 


-4.2 


2dFGRS S407Z097 


- 


22: 2: 4.81 


-31:52:13.50 


2384 


13.50±0.100 


0.043 


0.0 


[PCM2000] 31 


- 


22: 2: 5.33 


-31:58:56.50 


2674 


13.50±0.100 


0.028 


99.9 


NGC 7174 


6dF J2202065-315934 


22: 2: 6.49 


-31:59:33.90 


2746 


13.50±0.826 


0.034 


2.5 


IRAS 21592-3214 


- 


22: 2: 7.50 


-31:59:28.00 


2778 


13.50±0.826 


0.034 


2.5 


NGC 7176 


6dF J2202085-315923 


22: 2: 8.45 


-31:59:23.30 


2503 


8.09±0.177 


0.033 


-4.8 


ESO 466- G 043 


- 


22: 2:14.95 


-31:13:12.40 


2608 


11.60±0.375 


0.452 


4.7 


ESO 466- G 044 


- 


22: 2:15.88 


-31:45:23.30 


2818 


12.25±0.173 


0.117 


-2.7 


2dFGRS S408Z175 


- 


22: 2:15.89 


-31:13: 6.10 


2679 


13.50±0.100 


0.453 


99.9 


2dFGRS S407Z090 


- 


22: 2:16.07 


-31:57:11.80 


2541 


13.50±0.180 


0.029 


0.0 


ESO 466- G 046 


6dF J2202440-315926 


22: 2:44.01 


-31:59:26.20 


2260 


11.28±0.204 


0.106 


0.1 


NGC 7187 


6dF J2202445-324811 


22: 2:44.49 


-32:48:11.60 


2740 


13.50±0.425 


0.553 


-1.0 


ESO 466- G 047 




22: 2:46.05 


-31:57:19.70 


2556 


13.50±0.137 


0.107 


5.0 


DUKST 404-032 


6dF J2202502-323437 


22: 2:50.17 


-32:34:36.80 


2221 


13.50±0.150 


0.418 


0.0 


2dFGRS S408Z047 




22: 3:36.51 


-32:26:54.19 


2649 


13.50±0.118 


0.399 


0.0 


2dFGRS S408Z045 




22: 3:41.65 


-32:44:44.40 


2871 


13.50±0.236 


0.566 


0.0 


ESO 404- G 027 


6dF J2203478-321706 


22: 3:47.84 


-32:17: 6.00 


2611 


10.80±0.247 


0.345 


4.8 


ESO 466- G 051 


6dF J2203484-315721 


22: 3:48.36 


-31:57:20.90 


2674 


10.70±0.254 


0.269 


-0.9 


ESO 404- G 028 


6dF J2204152-323615 


22: 4:15.23 


-32:36:14.80 


2377 


11.97±0.324 


0.539 


0.4 


2dFGRS S408Z018 




22: 5:13.33 


-32:22:32.80 


2800 


13.50±0.100 


0.563 


0.0 


2dFGRS S409Z039 




22: 5:21.08 


-31:59:59.70 


2401 


13.50±0.305 


0.513 


2.5 


2dFGRS S408Z283 




22: 5:26.54 


-31:33:34.10 


2618 


13.50±0.135 


0.578 


0.0 


2dFGRS S409Z237 




22: 6:18.58 


-32:10:32.00 


2742 


13.50±0.099 


0.679 


0.0 


2dFGRS S409Z216 




22: 7:15.58 


-32:12:33.20 


2393 


13.50±0.071 


0.829 


0.0 


2dFGRS S409Z198 




22: 7:53.84 


-31:56:55.20 


2651 


13.50±0.135 


0.912 


0.0 


2dFGRS S409Z193 




22: 8: 6.79 


-31:44:57.70 


2486 


13.50±0.072 


0.953 


0.0 


2MASX J22090574-3147414 




22: 9: 5.76 


-31:47:41.70 


2381 


12.52±0.189 


0.104 


2.0 


IC 1459 


NGC 7418 


6dF J2256361-370148 


22:56:36.13 


-37: 1:47.80 


1417 


8.91±0.405 


0.250 


5.8 


IC 5269B 


6dF J2256367-361459 


22:56:36.72 


-36:14:59.09 


1638 


10.94±0.377 


0.142 


5.9 


NGC 7418A 




22:56:41.15 


-36:46:21.20 


2102 


13.50±0.497 


0.131 


6.6 


IC 5264 




22:56:53.04 


-36:33:14.99 


1940 


9.36±0.213 


0.032 


2.2 


NGC 7421 


6dF J2256543-372050 


22:56:54.33 


-37:20:50.70 


1801 


9.53±0.478 


0.394 


4.0 


IC 1459 


6dF J2257106-362744 


22:57:10.61 


-36:27:44.20 


1713 


6.93±0.441 


0.028 


-5.0 


2MASX J22571092-3640103 




22:57:10.92 


-36:40:10.40 


1945 


13.05±0.134 


0.071 


-3.5 


ESO 406- G 031 


6dF J2257408-352349 


22:57:40.76 


-35:23:49.40 


1592 


13.50±0.162 


0.537 


1.9 


IC 5269 




22:57:43.66 


-36: 1:34.40 


1967 


9.56±0.366 


0.245 


-1.6 


IC 5270 


6dF J2257549-355129 


22:57:54.86 


-35:51:28.50 


1929 


9.70±0.396 


0.328 


5.7 


NGC 7714 


SDSS J233631.29-002943.3 




23:36:31.29 


0:29:43.30 


2495 


13.50±0.100 


0.125 


99.9 


NGC 7716 




23:36:31.46 


0:17:50.30 


2571 


9.46±0.207 


0.010 


2.9 


SHOC 608 




23:36:46.84 


0:37:24.50 


2633 


13.50±0.100 


0.216 


99.9 


UGC 12709 




23:37:24.02 


0:23:30.10 


2682 


13.50±0.129 


0.155 


8.3 
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Figure Bl. The left-hand panel indicates the spatial distribution of the galaxies in each region. The ellipses mark the maximum extent 
of all groups determined by FOF. The circles indicate group members denned by FOF, scaled by Mk ■ The crosses indicate other galaxies 
in the same field. The line in the top left-hand corner indicates 1 Mpc at the distance of the group being studied. The right-hand panel 
shows the velocity-distance plots for each group, the centroid defined by FOF. The solid line marks the mean velocity while the dashed 
lines indicate the velocity dispersion. The vertical dotted line marks the rsoo radius from Table 151 Solid points mark the group members 
defined by FOF (shown as open circles in the left-hand panels) and crosses indicate other galaxies in the same region. 
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Figure B2. Continued. 
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NGC 3557 v: 2860. (km s"') a:302.(km s"') 
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Figure B3. Continued. 
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Figure B4. Continued. 
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Figure B5. Continued. 



